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Biofunctional collagen-like materials: 
self-assembling collagen-model peptides 
and peptide-decorated nanoparticles 

Bruce E. Maryanoff 

Johnson & Johnson Pharmaceutical Research & Development, 
Spring House, PA 19477-0776, USA 

Collagen is a protein of considerable biological importance and 
commercial interest. It is the major structural component of connec¬ 
tive tissue including skin, bone, and blood vessels. Also, collagen 
mediates platelet activation and the formation of hemostatic plugs. 
The large triple helical domains of collagen consist of three peptide 
strands of repeating Gly-X-Y triplet motifs, with Pro and Hyp prin¬ 
cipally occupying positions X and Y, respectively. Our understanding 
of collagen’s structural requirements to achieve biofunctionality can 
be advanced by the study of peptide subunits known as collagen 
model peptides (CMPs). We have designed collagen-mimetic pep¬ 
tides based on the concept of hydrophobic self-assembly. Certain 32- 
mer peptides, ~ 9 nm in length, can self-assemble into triple helical 
structures that self-assemble further into micron-size, fibrillar, colla¬ 
gen-like materials. The formation of micrometer-length, composite 
fibrils was established by DLS, TEM, light microscopy, and AFM. 
We identified two peptides with robust biofunctionality, which was 
gauged by their ability to induce platelet aggregation in vitro (i.e., 
their thrombogenicity). Aromatic rings at the termini were critical for 
the observed effects, and computational studies supported this point 
of view. Such self-assembly by aromatic-aromatic interactions offers 
a straightforward approach to oligomerizing CMPs into biofunctional 
fibrillar structures. In addition, we explored nanoparticles with CMPs 
attached onto their surface. 

The chemical evolution of amino acids and peptides: 
the first steps towards the origin of life 

Bemd Michael Rode 

Faculty of Chemistry and Pharmacy, Leopold-Franzens 
University of Innsbruck, Innsbruck, Austria 

Chemical and information theoretical arguments clearly show that a 
protein world is the by far most probable starting point of life, rather 
than RNA or DNA. Simulation experiments have shown that in the 
geochemical scenario of the primordial earth amino acids can be 
easily formed also with a neutral or slightly oxidising atmosphere. 
The combination of the amino acids to peptides and ultimately pro¬ 
teins can be explained by the ‘salt-induced peptide formation (SIPF)’ 
reaction. This reaction has numerous properties relevant for con¬ 
temporary biomolecules and its ‘fingerprint’ can be identified in the 
oldest still living organisms. Simulation experiments with this type of 
peptide formation also supply strong indications, why living organ¬ 
isms almost exclusively use l amino acids in their proteins. 


GABA a receptors: structure, pharmacology, 
and function 

Wemer Sieghart 

Center for Brain Research, Department of Biochemistry and 
Molecular Biology, Medical University Vienna, Vienna, Austria 

GABA a receptors are chloride ion channels that can be opened by 
GABA. The majority of these receptors are composed of two alpha, 
two beta and one gamma subunit. Based on the structures of the 
acetylcholine binding protein and the nicotinic acetyl choline recep¬ 
tor, comparative (homology) models of the combined extracellular 
and transmembrane domains of GABA a receptors have been gener¬ 
ated. The models indicate that in addition to the already described 
binding pockets in the extracellular domain there are other water 
accessible spaces within the GABA a receptors, which probably allow 
conformational flexibility of the receptors, but could also serve as 
drug binding sites. Recently, we established a novel mouse model that 
allows to rapidly and reversibly enhance or reduce the activity of 
neurons in the basolateral amygdala and to study the effects of these 
modulations in animal tests of fear and anxiety. This mouse model is 
based on the point mutation gamma 2F77I in the gamma 2 subunit of 
GABA a receptors, that eliminates the action of the benzodiazepine 
site agonist zolpidem or the inverse agonist DMCM all over the brain. 
By a stereotaxic injection of adeno-associated virus vectors express¬ 
ing the cre-recombinase and the EGFP-labeled wild-type gamma 
2F77 subunit, the floxed gamma 2F77I subunit is replaced by the 
EGFP-gamma 2F77 subunit, and receptors in the infected cells should 
then be selectively modulated by a systemic application of the above 
mentioned drugs. This should allow us to investigate the function of 
neurons in the basolateral amygdala in anxiety and fear related 
behaviour. 

Acknowledgments: This work was financially supported by the 
Austrian Science Fund. 


Development of light-sensitive glutamate receptors 

Dirk Trauner 

Department of Chemistry, University of Munich, 

Butenandtstr. 5-13 (F4.086), 81377 Munich, Germany 

The ion channels, transporters and metabotropic receptors that 
underlie neuronal activity can be seen as molecular machines that 
are amenable to functional manipulation. One of the most 
rewarding functions to add is sensitivity toward light. Our group 
has succeeded in photosensitizing glutamate receptors, such as 
kainate receptors and NMDA receptors, using a combination of 
synthetic chemistry and protein engineering. In addition, we have 
developed a “reversibly caged” version of glutamate. I will discuss 
the principles that underlie the design of artificial photoreceptors 
and photochromic neurotransmitters and show their applications in 
cultured neurons, brain slices, and intact animals (e.g. zebrafish, 
leeches and mice). The usefulness use of these systems in the 
elucidation of neural circuitry and the restoration of vision will be 
discussed as well. 
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The synchrotron (SFTIRM) as an advanced 
research tool for protein image, protein structure, 
and protein nutrition research in plant tissues within 
subcellular dimension 

Peiqiang Yu 

College of Agriculture and Bioresources, The University 
of Saskatchewan, 51 Campus Drive, Saskatoon, SK, S7 N 5A8, 
Canada, peiqiang.yu@usask.ca 

A synchrotron is a giant particle accelerator that turns electrons into 
light. It is able to produce extremely bright light, million times brighter 
than sunlight. The extremely bright synchrotron light makes it possible 
to detect biomaterial structure (chemical make-up) at molecular and 
cellular levels. Synchrotron radiation-based Fourier transform infrared 
microspectroscopy (SRFTIRM) has been developed as a rapid, direct, 
non-destructive and bioanalytical technique. In contrast to traditional 
“wet” analytical (chemical) methods which during processing for 
analysis often result in destruction of the intrinsic structures (e.g. pro¬ 
tein) of plant/seed/feed, this cutting-edge synchrotron-based analytical 
technology, taking advantages of synchrotron light brightness and small 
effective source size, is capable of exploring the molecular chemistry or 
structure of a biological tissue without destruction inherent structures at 
ultra-spatial resolutions. The objective of this research program was to 
apply the synchrotron-based bioanalytical technique (SRFTIRM) to 
plant/seed/feed sciences. The results show that with the synchrotron- 
based bioanalytical technique, the protein intensity and distribution of 
plant/seed/feed could he imaged within cellular and sub-cellular 
dimensions, and the plant protein inherent structure could be revealed at 
ultra-spatial resolutions and related to nutrient availability. 


Glutamate receptor immunity and autoimmunity 

Mia Levite 1 ' 2 

'Behavioral Sciences, Academic College of Tel-Aviv-Yaffo, 

Israel 

2 Neurobiology, The Weizmann Institute of Science, 

Rehovot 76100, Israelmia.levite@weizmann.ac.il 

Glutamate is the major excitatory neurotransmitter of the nervous 
system. 

Glutamate-receptor immunity: We found that T-cells express very 
high levels of glutamate/AMPA receptors. This is true for normal, 
cancer and autoimmune T-cells of human and mouse origin. Fur¬ 
thermore, glutamate by itself (~ 10 nM) activates/elevates vital T-cell 
functions among them: de novo gene expression, adhesion to extra¬ 
cellular-matrix proteins, chemotactic migration, expression of 
TCRot/i, CD3zeta, CD147 and other important T-cell proteins/recep¬ 
tors, MMP-9 secretion and activity, and T-cell engraftment in vivo. 
All this suggests glutamate is very important for T-cell function, and 
that glutamate can be used therapeutically, primarily for augmenting 
T-cell immunotherapy of cancer. Yet, in T-cell leukemia/lymphoma 
and T-cell mediated autoimmune diseases, glutamate and/or gluta¬ 
mate receptors should be blocked. 

Glutamate-receptor autoimmunity: Autoantibodies to glutamate- 
receptors are present in some patients and may be neuropathogenic. 
Indeed, we and others found glutamate/AMPA-receptor-subtype-3 
(GluR3) autoantibodies in 35% of patients with different epilepsies, 
while glutamate/NMDA-receptor-subunits-R2A/B (NR2A or NR2B) 
autoantibodies (some cross-reacting with dsDNA) were detected in 35% 
of SLE patients (with or without neuropsychiatric impairments), in 18% 
of epilepsy patients, and in some patients with stroke and encephalitis. 


GluR3-autoantibodies bind neurons and can: activate glutamate/ 
AMPA receptors, kill neurons by either excitotoxicity or 
complement-activation, cause multiple brain damage, induce neuro- 
behavioral/cognitive impairments, and augment seizure severity in 
GluR3B-immunized mice. NR2/dsDNA-autoantibodies bind and can 
subsequently kill hippocampal and cortical neurons. Taken together, 
we recommend diagnosing and attempting to silence glutamate- 
receptor autoantibodies in some human neurological diseases, espe¬ 
cially in intractable epilepsy and neuropsychiatric lupus, as they may 
genuinely contribute to the neuropathology. 


Amino acid analysis 

Amino acid analysis by HPLC after derivatization 
with 9-fluorenylmethyloxycarbonyl chloride: 
literature overview, further study and utilization 
for the analysis of the free amino acids in plasma 

Ibolya Molnar-Perl and Andrea Jambor 

Institute of Chemistry, Department of Analytical Chemistry, 

L. Eotvos University, P.O. Box 32,1518, Budapest 112, Hungary, 
corresponding author e-mail: perlne@chem.elte.hu 

A literature overview is given of HPLC methods currently in use to 
determine amino acids (AAs) as their 9-fluorenylmethyloxycarbonyl 
(FMOC) derivatives. On the basis of detailed literature overview an 
exhaustive derivatization study was performed with 22 AAs, 
applying photodiode array and fluorescence detection, simulta¬ 
neously: in order to clear up the controversial points of FMOC 
derivatization. Model investigations have been carried out as a 
function of the reaction time and reaction conditions, such as the 
molar concentration of the reagent, the molar ratios of the reactants, 
the pH and the solvent composition of the reaction medium. Special 
emphasis was put (1) on the evaluation of the blank values of the 
reagents, as a function of the composition and that of the pH of the 
reaction medium, (2) on the unambiguous quantitation of all AAs, 
including the less reactive aspartic and glutamic acids, as well as on 
the formation and transformation of histidine and tyrosine, existing 
partly, as single OV-FMOC-histidine, /V-FMOC-tyrosine), partly as 
double labeled species (A/AW-FMOC-histidine, N, O-FMOC- 
tyrosine). 

Reproducibilities of 22 AAs, including histidine and tyrosine 
derivatives, obtained under optimum derivatization conditions 
with acetonitrile containing reagents, at pH 9, derivatization time = 
20 min), and characterized with the relative standard deviation 
percentages of their responses (<3.98 and 4.35% RSD for standards 
and plasma samples, respectively). Quantitation limit of AAs varied 
between 1 and 10 pmole. 

D-amino acids as markers for various phenomena 
in food and hiosciences 

Hans Bruckner, Christoph Theis, and Ralf Patzold 

Interdisciplinary Research Centre for BioSystems, Land Use 
and Nutrition, Giessen University, Heinrich-Buff-Ring 26-32, 

35392 Giessen, Germany 

Use of advanced chiral resolution techniques (HPLC, GC-MS, LC- 
MS, CE) developed in the last few decades revealed that a multitude 
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of D-amino acids (d-AAs) are fairly common in the biosphere, body 
fluids and tissues, and in the diet. Common bacteria possess a 
wealth of more or less specific AA racemases and contain both 
peptidoglycan-bonded as well as free d-AA. Consequently, d-AAs 
can serve as biomarkers in particular for bacteria which can be also 
harmful or cause food spoilage. However, many microorganisms are 
beneficial and are employed for the controlled fermentation of fer¬ 
mented foods such as yoghurt, ripened cheeses, vinegar, wine or soy 
sauce. Notably, d-AAs are also common in foodstuffs containing 
glucose or fructose together with amino acids. Examples are con¬ 
centrated plant saps and fruit juices, dried fruits and vegetables, and 
honey. Heating experiments of synthetic AMADORI compounds 
demonstrate that d-AAs are formed at the beginning of the 
MAILLARD reaction that is defined as interaction between reducing 
sugars and amino compounds. Another reaction, named ot—yS trans- 
peptidation of aspartate residues, takes place inevitably in long- 
living proteins such as teeth dentin, eye lens proteins, and some 
brain proteins. The intermediately formed aspartyl succinimide is 
subject of tautomerism leading to racemization of the aspartyl res¬ 
idues. This process, together with subsequent ring opening, results in 
irreversible conformational changes and loss of biofunctionality of 
the corresponding proteins. 

Amino acid identification and quantification without 
derivatization appfying different detection methods 

P. Chaimbault 1 and C. Elfakir 2 

’Laboratoire de Spectrometrie de Masse et de Chimie Laser 
(EA 1094). ICPM, Universite Paul Verlaine, Metz. 1, 

Boulevard Arago, 57078 Metz cedex 3, France, 
Patrick.chaimbault@univ-metz.fr 

2 Institut de Chimie Organique et Analytique (CNRS-UMR 6005), 
Universite d’Orleans, Rue de Chartres, Orleans cedex 2, France, 
Claire.elfakir@univ-orleans.fr 

The determination of native amino acids is maybe one of the hardest 
analytical challenges because this class of molecules is constituted of 
non volatile very small polar molecules. Consequently, they are for 
long transformed into volatile derivatives to be analysed by gas 
chromatography. Furthermore, most of them are lacking of a chro- 
mophore group. Thus, they are also analysed by liquid 
chromatography (LC) using a pre or post column derivatization step 
with a chromophore or fluorophore reagent. 

In the last decade, the improvement of instrumentation, the 
development of new stationary phases and the development of 
original separation methods relaunch the interest in native amino 
acid determination. Thus, underivatized amino acids can be now¬ 
adays quantified by LC using an evaporative light scattering 
detector, a chemiluminescence nitrogen detector or a conductivity 
detector. Structural detectors such as nuclear magnetic resonance 
and mass spectrometry (MS) were also evaluated. LC coupled 
tandem MS (MS/MS) allowed rapid, sensitive and specific 
determinations of native amino acids in very complex samples. 
Thus, underivatized amino acids were successfully assayed by 
LC-MS/MS in biological fluids and tissues, etc. The same ana¬ 
lytical procedures were extended to the analysis of di- and tri¬ 
peptides in Champagne wines. LC-MS/MS is still evaluated and is 
always so promising that the literature is regularly increasing in 
this field. 

This presentation will give a current overview of the quantification 
of native amino acids involving different separative methods 
(including capillary electrophoresis) and the above mentioned 
detectors. The presentation will be illustrated by several applications 
concerning food or biological samples. 


Bioactive fungai peptides containing a-diaikyl 
a-amino acids 

Thomas Degenkolb and Hans Bruckner 

Interdisciplinary Research Centre for BioSystems, Land Use 
and Nutrition, Giessen University, Giessen, German 

Among the peptidic metabolites of filamentous fungi, a group named 
peptaibiotics attracts continuous attention. Peptaibiotics are JV-acyl- 
ated peptides which contain non-protein Aib (ot-aminoisobutyric acid) 
and possess antibiotic as well as other bioactivities. Furthermore, 
peptaibiotics contain protein amino acids and residues such as pipe- 
colic acid, 3-methylproline, 1-aminocyclopropanecarboxylic acid, 
and C-terminal bonded 2-amino alcohols or polyamines. For the 
entirety of peptaibiotics produced by a fungus the term peptaibiome is 
used and the analytical methods employed are named peptaibiomics. 
Typically, the lipophilic peptides are extracted with organic solvents 
from the mycelia of fungi growing on agar plates, then extracts are 
purified by conditioned SepPak C18 cartridges and eluted with 
methanol. Sequences are determined by HPLC-ESI-CID-MS/MS or 
related techniques. The presence of Aib is recognized by fragment 
ions differing by 85.1 Dalton. Cosmopolitan fungi (micromycetes) 
producing peptaibiotics comprise genera such as Acremonium , 
Clonostachys, Culicinomyces, Emericellopsis, Hypocrea with ana- 
morps in Trichoderma and Gliocladium, Geotrichum, Lecythophora, 
Monocillium, Mycogone, Niesslia, Paecilomyces, Stilbella, Tolypoc- 
ladium, and Wardomyces (see monograph cited above). Recently, 
new bioactivities of peptaibiotics were reported such as neuroleptic 
properties and inhibition of anti-HIV integrase 1 and amyloid (i- 
peptide formation. Consequently, the peptaibiomic approach is 
expected to enable the discovery of a vast number of new fungal 
peptides which, hopefully, display bioactivities for the benefit of 
mankind. 


Amino acid racemization in the course 
of the MAILLARD reaction 

Hans Bruckner, Jochen Kirschbaum, Christoph Theis, 
and Ralf Patzold 

Interdisciplinary Research Centre for BioSystems, Land Use, and 
Nutrition, Giessen University, Giessen, Germany 

The reaction of reducing sugars and amino acids (AA) is known as the 
MAILLARD reaction (MR). Compounds formed from glucose (Glc) 
or fructose (Fru) and AA at the early stages of the MR are named 
AMADORI and HEYNS compounds, respectively. We show that 
heating of d-G1c and D-Fru with various l-AA leads to the formation 
of the corresponding d-AA, a process called racemization. Heating of 
reducing sugars (278 mM) and 12 representative l-AA (2.5 mM) in 
acetic acid (1 M) at 100°C for 24—96 h lead to the fast formation of 
free d-AA. After 48 h heating with Glc/Fru, relative quantities of 
d-AA were determined by GC on Chirasil-Val. d-AA detected were: 
D-Ala (6.5/8.7%), D-Pro (6.6/10.2%), D-Ser (21.2/21.9%), D-Asp 
(29.3/30.3%), D-Met (8.6/11.7%), D-Phe (8.1/11.7%) D-Phe (8.1/ 
8.9%), d-G1u (13.8/19.3%), D-Tyr (8.8/8.7%), D-Lys (3.9/5.8%). 
Quantities of d-AA increased on heating for 96 h and exceeded those 
resulting from the control experiments in which sugars were omitted. 
In further experiments L-Ala was heated at 130°C/48 h under other¬ 
wise almost identical conditions with saccharides and aldehydes and 
the quantities of D-Ala formed determined (%D in parenthesis): Glc 
(10.4%), Fru (39.5%), galactose (18.9%), xylose (34.3%), ribose 
(40.8%), DL-glycerol aldehyde (30.0%), methyl glyoxal (31.6%), 
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pyridoxal (41.8%; 3 h). Furthermore, heating of synthetic AMADORI 
compounds such as fructose-L-Phe and fructose-L-Ala provided 30% 
D-Phe (50 min/200°C) and 15.8% D-Ala (3 h/130°C), respectively. 

Amino acid neurotransporters 
in health and disease: molecular 
regulation and signalling 

Regulation of amino acid neurotransporters for 
glutamate (GLT1) and glycine (GLYT1) by ubiquitin 

Francisco Zafra 

Centro de Biologla Molecular “Severe Ochoa”, Universidad 
Autonoma de Madrid-CSIC, Madrid, Spain 

Activation of NMDA receptors requires the simultaneous binding of 
two neurotransmitters: glutamate and glycine. The synaptic function of 
these neurotransmitters in glutamatergic synapses is terminated by the 
action of several glutamate transporters, GLT1 in particular, and one of 
glycine, GLYT1. To a large extent, the levels of transporters in the 
various synaptic elements (presynaptic, postsynaptic and glial) are 
regulated by intracellular trafficking processes that in turn are con¬ 
trolled by various intracellular effectors (interacting proteins and 
signaling pathways). Here we report that GLT1 and GLYT1 traffic is 
regulated by ubiquitination. Both the constitutive turnover in the plasma 
membrane and the accelerated endocytosis of these transporters pro¬ 
moted by the activation of PKC requires the ubiquitination of lysine 
residues located in their C-terminal intracellular tails. Endocytosis is 
impaired in the ubiquitin-deficient cell line ts20. Site-directed muta¬ 
genesis revealed that for GLT1 the modified lysines are located in a 
cluster, being Lys477 and Lys526 especially relevant, although Lys550 
and 570 might also participate. For GLYT1 (isoform b) lys619 seems to 
play a prominent role in its endocytosis. Our data suggest that ubiqui¬ 
tination is required for the interaction of these two transporters with the 
clathrin-dependent endocytic machinery, and suggest that the traffic of 
these two proteins might be regulated in a coordinated way. It remains to 
be determined whether recycling of these neurotransporters might be 
affected in pathologies involving alterations to the ubiquitin system, 
thereby interfering with its influence excitatory neurotransmission. 

Glutamate transporter signalling: molecular 
and cellular mechanisms 

Georgi Gegelashvili 1,2 

'Department of Life Sciences, Ilia Chavchavadze Tbilisi State 

University, Tbilisi, Georgia 

2 Neuregeron, Inc., Torrance, CA 90501, USA 

In 1998, we predicted that glutamate transporter proteins, besides their 
carrier function, might exhibit receptor-like signaling activities. Our 
data indicate that one of the direct modes of transporter signaling is 
triggered by cell death-associated proteases, caspases. Sublethal doses 
of some of pro-apoptosis agents activate caspases, that cleave glutamate 
transporters at their cytoplasmic C- or N-terminal domains. Such a 
proteolytic modification of EAAC1, a first reported case among neu¬ 
rotransmitter carriers, depends on the pattern of phosphorylation of its 
C-terminus. The truncation of EAAC1 alters cell surface targeting of 
this transporter, as well as triggers downstream signaling. Such an 


unusual signaling via glutamate transporters is mediated both by 
functionally modified, truncated C-terminal domains and by bioactive 
peptides that are produced by the caspase-dependent cleavage. These 
soluble peptides contain several short conserved motifs that function¬ 
ally interact with other cytoplasmic, mitochondrial or nuclear signaling 
complexes. The truncation of EAAC1 produces peptides that contain a 
stretch of 8 aa residues present in 82-FIP, a novel RNA-binding protein 
that also interacts with FMRP, fragile X-mental retardation protein. 
Soluble C-terminal fragments of EAAT4 could also interfere with 
protein translation machinery via phosphorylation of PHAS1. C-ter- 
minus of GLAST is a component of cytoplasmic scaffolding complex 
interacting with FXYD2/y subunit of Na + , K + ATPase. Glutamate- 
induced activation of GLAST recruits to the cell surface more trans¬ 
porter molecules that are complexed with y subunit. Thus, glutamate 
transporters, that represent novel targets for caspases, can act as scaf¬ 
folding / shuttle proteins and are capable of exhibiting receptor-like, 
signal-transducing properties. 

Inducible expression of GLT1 decreases 
proliferation of glioma cells and delays progression 
of tumour in rat 

Emmanuel Hermans 

Laboratory of Experimental Pharmacology, Universite catholique 
de Louvain, Brussels, Belgium 

Gliomas are known to release excitotoxic concentrations of gluta¬ 
mate, a process thought to contribute to their malignant phenotype 
through enhanced autocrine stimulation of their proliferation and 
destruction of the surrounding nervous tissue. A model of C6 glioma 
cells in which expression of the high affinity glutamate transporter 
GLT-1 can be manipulated both in vivo and in vitro was used in order 
to investigate the consequences of increasing glutamate clearance on 
tumour progression. Non-induced cells show modest glutamate 
uptake and in the presence of L-cystine, these cells tend to release 
substantial amounts of glutamate. Overnight exposure to doxycycline 
increased D-[ 3 H]-aspartate uptake, reaching similar capacity as 
observed in cultured astrocytes. Efficient clearance of exogenously 
applied glutamate was evidenced in these cells, even in the presence 
of L-cystine. These cells were grafted in the striatum of Wistar rats 
and doxycycline was administered after validation of tumour devel¬ 
opment by magnetic resonance imaging. Both GLT-1 expression 
examined by immunohistochemistry and glutamate transport activity 
measured on synaptosomes appeared robustly increased in samples 
from doxycycline-treated animals. Moreover, these rats showed 
extended survival times as compared to vehicle-treated animals, an 
effect that was consistent with volumetric data revealing delayed 
tumour growth. As constitutive deficiency in glutamate clearance at 
the vicinity of brain tumours is well established, these data illustrate 
the potential benefit that could be obtained by enhancing glutamate 
transport by glioma cells in order to reduce their invasive behaviour. 


Excitatory amino acid transporters 

and the excitotoxic path to motor neuron 

degeneration in amyotrophic lateral sclerosis 

Davide Trotti 

Thomas lefferson University, Philadelphia, PA, USA 

During the course of human amyotrophic lateral sclerosis and in 
transgenic mutant SOD1 mice model of the disease, expression and 
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activity of the glutamate transporter EAAT2 is remarkably reduced. 
We showed that mutant SOD1 proteins exposed to oxidative stress 
inhibit EAAT2 by triggering caspase-3 mediated cleavage at a 
single defined locus, giving rise to two fragments: truncated 
EAAT2 (trEAAT2) and C-terminus of EAAT2 (CTE). Analysis of 
spinal cord homogenates from G93A-SOD1 ALS mice reveals CTE 
to be of higher molecular weight then expected because it is 
conjugated with SUMO-1. Furthermore, ICC and IP experiments 
with primary culture of astrocytes and tissue samples from G93- 
SOD1 mice showed that CTE-SUMO-1 accumulates in promyelo- 
cytic leukemia nuclear bodies (PML-NBs). We have incorporated 
CTE-SUMO-1 gene under the glial specific promoter element 
(Gfa2) into adenoviral vector (AdV). Confocal analysis confirmed 
that the cellular expression of AdV-CTE-SUMO-1 was localized in 
astrocytes PML-nuclear bodies. In spinal cord astrocytes transduced 
with AdV-CTE-SUMO-1 co-cultured with primary motor neurons 
we observed that the expression of CTE-SUMO-1 leads to motor 
neuron toxicity and caspase-3 activation. CTE-SUMO-1 expressing 
astrocytes mediated motor neuron toxicity after 48 h in co-culture 
whereas in control CTE or GFP expressing astrocytes there was no 
sign of toxicity. Toxicity index of motor neurons was assessed by 
directly counting motor neurons displaying retracted axons (approx. 
>3 cell bodies in length). In summary, we have shown that 
caspase-3 cleavage of the astroglial glutamate transporter 
EAAT2 could play a role in the degeneration of motor neurons in 
ALS. 


Amino acid nutrition and fetal growth 


Impacts of functional amino acids on fetal growth 

Guoyao Wu 1 , Fuller W. Bazer 1 , Robbert C. Burghardt 2 , 

Timothy A. Cudd 3 , Gregory A. Johnson 2 , M. Carey Satterfield 1 , 
and Thomas E. Spencer 1 

'Department of Animal Science, Texas A&M University, College 
Station, TX, USA 

department of Veterinary Integrative Biosciences, Texas A&M 
University, College Station, TX, USA 

department of Veterinary Physiology and Pharmacology, Texas 
A&M University, College Station, TX, USA 

Recent studies from animal models (e.g., pigs and sheep) indicate that 
arginine, branched-chain amino acids (BCAA), glutamine, and pro¬ 
line play important regulatory roles in implantation, as well as 
embryonic, placental, and fetal development. After the placenta is 
formed, arginine, ornithine, citrulline and glutamine are unusually 
abundant in porcine allantoic fluid (e.g., 4—6 mM arginine on day 40) 
and ovine allantoic fluid (e.g., 10 mM citrulline and 25 mM gluta¬ 
mine on day 60) during early to mid-gestation. These four amino 
acids represent 70% of total a-amino acid nitrogen in allantoic fluid in 
early pregnancy. The marked increases (up to 80-fold) in their con¬ 
centrations in fetal fluids occur during the most rapid period of 
placental growth, suggesting that they play a critical role in embry¬ 
onic and fetal development. For example, BCAA are degraded in 
placentae to form glutamine, whereas proline is a major amino acid 
for placental synthesis of polyamines. Additionally, arginine and 
leucine activate the mTOR cell signaling pathway to enhance protein 
synthesis and cell proliferation. Importantly, dietary supplementation 


with L-arginine-HCl to gilts fed a conventional diet between day 30 of 
gestation and parturition increased the number and total litter weight 
of live-bom piglets by 22 and 24%, respectively. Also, intravenous 
administration of L-arginine-HCl enhanced embryonic survival and 
fetal growth in ovine models of both experimentally-induced and 
naturally-occurring intrauterine growth retardation. Thus, through the 
synthesis of nitric oxide, polyamines, and other metabolites, amino 
acid nutrition greatly impacts embryonic/fetal survival, growth and 
development. 

Acknowledgments: Supported by NIH and USDA grants. 

Mechanisms for attenuated insulin secretion in fetal 
sheep pancreatic islets with placental insufficiency- 
induced intrauterine growth restriction 

Sean W. Limesand 

Agricultural Research Complex, Department of Animal Sciences, 
University of Arizona, Tucson, AZ, USA 

Placental insufficiency causes fetal nutrient deprivation and leads to 
intrauterine growth restriction (IUGR). The endocrine pancreas 
plays an important role in fetal life by secreting insulin, an ana¬ 
bolic hormone for which secretion corresponds to nutrient 
availability, thus playing a role in coordinating fetal growth to 
nutrient supply. The goal of our research is to understand devel¬ 
opmental adaptations in the endocrine pancreas in response to 
global nutrient insufficiency, and determine how they manifest into 
adulthood metabolic diseases, such as type 2 diabetes. We used the 
fetal sheep and induced placental insufficiency and IUGR by 
exposing the pregnant ewe to elevated ambient temperatures during 
mid-gestation, resulting in fetal hypoxia and hypoglycemia. At 0.9 
of gestation, we found that glucose stimulated insulin secretion 
(GSIS) was 82% lower in IUGR fetuses compared to controls. This 
impairment was due to a 78% reduction in /i-cell mass and less 
insulin per jS-cell. We did, however, find that the /J-cells from 
IUGR fetuses were able to secrete more insulin relative to total 
insulin content, indicating stimulus-secretion coupling is improved. 
In contrast, a fetal sheep model with only hypoglycemia, produced 
by a chronic maternal insulin infusion, exhibited 45% lower GSIS 
response and blunted insulin secretion from isolated islets. Toge¬ 
ther, these data indicate that hypoxia can play an important role in 
fetal islet outcomes. One mechanism that we have explored for 
hypoxia is elevated catecholamine concentrations, which negatively 
correlated with blood oxygen content to inhibit insulin secretion, 
but IUGR islets appear to become desensitized to chronic cate¬ 
cholamine exposure. 


Arginine nutrition and fetal brown fat development 

M. Carey Satterfield, Fuller W. Bazer, Stephen B. Smith, 

Thomas E. Spencer, and Guoyao Wu 

Department of Animal Science, Texas A&M University, College 
Station, TX, USA 

Neonatal survival in mammals depends on the offspring’s ability to 
maintain core body temperature upon entry into its extra-uterine 
environment. Metabolism of brown adipose tissue (BAT) for non¬ 
shivering thermogenesis generates approximately 50% of the heat in 
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newborn lambs. In the present study, BAT tissue development was 
assessed following maternal intravenous administration of arginine- 
HC1 (27 mg/kg bodyweight) thrice daily from days 100-125 of 
gestation in both undernourished and ovemourished singleton-bear¬ 
ing ewes. On day 125, the fetus was removed, weighed, and 
dissected for fetal tissues. Infusion of arginine increased (P < 0.01) 
its concentrations in both maternal and fetal plasma. Fetal weight 
was not different (P > 0.05) between ewes receiving arginine and 
saline-infused ewes within nutritional regimen. Fetuses from both 
undernourished and ovemourished arginine-treated ewes had 62% 
more (P < 0.01) BAT tissue/kg fetal weight than fetuses from 
respective control ewes. Total lipid within BAT was greater 
(P < 0.01) in ovemourished than undernourished ewes, but was not 
affected (P > 0.05) by arginine administration. Concentrations of 
total protein and mitochondrial protein in BAT were not affected 
(P > 0.05) by diet or arginine administration. Western blot analysis 
showed no difference in VDAC1 (a mitochondrial pore protein) 
levels between treatments. The mRNA levels for 4E-BP1, NOS3, 
NRF1, NRF2, ODC, and RPS6KA1 were similar (P > 0.05) among 
treatment groups. An increase in BAT mass despite no change in 
concentrations of uncoupling proteins is expected to enhance heat 
production. Results indicate that maternal arginine administration 
increases fetal BAT mass which may improve neonatal thermogenic 
capacity. 

Acknowledgments: Supported by NIH (#1R21 HD049449) and 
USDA-NRI (#2008-35203) grants. 


Leucine-rich diet improves fetal muscle protein 
metabolism from tumor-bearing dams 

B. L. G. Cruz and M. C. C. Gomes-Marcondes 

Nutrition and Cancer laboratory. Physiology and Biophysics 
Department, Institute of Biology/UNICAMP, Sao Paulo, Brazil 

The fetal development in conjunction with tumour growth is not a 
common condition, but when it happens always imposes a delicate 
situation for both the maternal host and to the foetus. Nutritional 
supplementation with BCAA’s has shown encouraging results on 
improving the quality of pregnant-tumor-hearing rat. This study 
examined the muscle protein metabolism of fetal from tumour¬ 
bearing dams (W) fed leucine-rich diet (L) compared to control 
pregnant rats, analyzing the protein synthesis and degradation and 
the enzymes activities related to protein degradation pathways. The 
results showed that fetal protein synthesis reduced around 27% in 
W group, compared to WL and C group. The protein degradation 
increased 22% in W foetus. The WL group showed protein deg¬ 
radation similar to C. The proteolytic calcium-dependent pathway 
showed the calpain activity similar in all experimental groups, 
suggesting that this system has less participation on the fetal 
muscle catabolism. The activity of lysosomal enzyme cathepsin H 
was significantly higher in W fetuses. The muscle chymotrypsin- 
like activity (the catalytic core of proteasome system of ubiquitin- 
proteasome pathway) increased in tumour groups, although the WL 
group showed 32% lower activity compared to W group, clearly 
showing the leucine modulatory effect. The proteosomic subunit 
20 s showed low expression in the fetal muscle from tumor-bearing 
dams. Finally the insulin levels was similar between W and C 
groups, but was reduced in the groups supplemented with leucine 
(L and WL). These results stressed indicate that the use of leucine- 
rich diet is beneficial and improve fetal development under tumour 
condition. 

Acknowledgments: Technical support: Dr J Marcondes-Neto, 
Financial support: Fapesp, CNPq, Faepex-Unicamp. 


Amino acid sensing mechanisms 


Phosphoserine sensing in the central nervous system 

David R. Hampson 1 , Jordan E. Antflick 1 , and Glen B. Baker 2 

'Leslie Dan Faculty of Pharmacy and Department of 
Pharmacology, University of Toronto, Toronto, ON, Canada 
2 Neurochemical Research Unit and Bebensee Schizophrenia 
Research Unit, Department of Psychiatry, University of Alberta, 
Edmonton, AB, Canada 

L-phosphoserine, also known as L-serine-O-phosphate (l-SOP), is the 
immediate precursor to L-serine in the serine synthesis pathway and is 
also an agonist at the group III metabotropic glutamate receptors. L- 
SOP is produced by the enzyme phosphoserine aminotransferase 
(PSAT) and metabolized to L-serine by phosphoserine phosphatase 
(PSP). Using a novel analytical procedure, we show that l-SOP is 
present in rat brain at about the same concentration (5 |iM) as 
dopamine and that it is substantially more potent than L-glutamate at 
the mGluR4 receptor subtype. Activation of presynaptic mGluR4 
inhibits the release of glutamate and GABA. 

Immunocytochemical analyses showed that in the rat hippocampus, 
cells within the subgranular zone were co-labeled with anti-PSP and 
anti-PSA-NCAM, a marker for neurogenic cells. In the cerebellar 
cortex, Purkinje neurons expressed relatively high levels of both 
enzymes while robust expression of PSAT was also observed in the 
Bergmann glia. L-SOP released from Purkinje neurons or Bergmann 
glia could activate mGluR4 present on parallel fiber terminals. The 
presence of L-SOP in brain, its high potency at mGluR4, together with 
the restricted distributions of the synthetic and metabolic enzymes, 
suggest that l-SOP might act as an endogenous ligand at Group III 
metabotropic glutamate receptors in the CNS. 

Characterization of GPRC6A: a novel 7TM receptor 
activated by L-a-amino acids and positively 
modulated by divalent cations 

Hans Brauner-Osbome, Kasper B. Hansen, Bolette Christiansen, 

Lars Dan Johansen, Sanela Smajilovic, and Petrine Wellendorph 

Department of Medicinal Chemistry, Faculty of Pharmaceutical 
Sciences, University of Copenhagen, Copenhagen, Denmark 

We recently reported the cloning and analysis of expression of a novel 
human family C G-protein coupled receptor, termed GPRC6A. 
Homology modeling of the GPRC6A ATD based on the crystal 
structure of the metabotropic glutamate receptor subtype 1 predicted 
interaction with a-amino acids, and was employed to rationally select 
potential ligands. Measurement of Ca 2+ -dependent chloride currents 
in Xenopus laevis oocytes facilitated the deorphanization of GPRC6A 
and identification of L-a-amino acids as agonists. The most active 
agonists were basic L-a-amino acids, L-Arg, L-Lys and L-omithine, 
suggesting that these may function as endogenous signaling mole¬ 
cules. Mutation of two specific residues of the GPRC6A ligand 
binding pocket completely abolishes activity of the receptor, sup¬ 
porting the proposed model of GPRC6A. Cloning, cell surface 
expression and deorphanization of the mouse and rat orthologues 
further reinforces the assignment of the agonist preferences of human 
GPRC6A. Most recently, we have developed efficient assays based on 
measurement of intracellular calcium and inositol phosphate levels in 
mammalian cells, which have been used to characterize a range of 
commercially available L-Arg and L-Lys analogs and allosteric 
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modulation by divalent cations. However, no selective and potent 
agonist or antagonist has yet been identified and we have therefore 
developed a GPRC6A knock-out mouse to study the physiological 
function of the receptor. Initial studies of the knock-out mouse have 
shown that it grows normally, does not show an obvious behavioral 
phenotype and does not have a bone phenotype under normal phys¬ 
iological conditions. 


L-amino acid sensing by calcium-sensing receptors: 
agonists and modulators 

Arthur D Conigrave, Vimesh Avlani, and Hee-Chang Mun 

School of Molecular and Microbial Biosciences, 

University of Sydney, Sydney, NSW 2006, Australia 

Members of a sub-group of class III G-protein coupled receptors are 
now recognized as having broad-spectrum amino acid-sensing prop¬ 
erties and couple to multiple intracellular signaling pathways 
including those for the regulation of hormone secretion, proliferation 
and cell fate. The calcium-sensing receptor, like other members of 
class III, binds amino acids in its homo-dimeric VFT domains and 
responds sensitively to members of the aromatic, aliphatic and polar 
sub-classes. Amino acids are positive allosteric modulators of path¬ 
ways linked to intracellular Ca 2+ mobilization in CaSR-expressing 
HEK293 cells and parathyroid cells but have only limited fine-tuning 
effects on the activation of PI-PLC and ERK1/2. Recent work dem¬ 
onstrates that although amino acids are modulators of several 
extracellular Ca -regulated pathways, they act atypically as agonists 
of a pathway linked to the control of cAMP accumulation. These 
results demonstrate that class III broad-spectmm amino acid sensing 
receptors exhibit highly flexible ligand- and pathway-specific sig¬ 
naling responses. 


Aminoprivic sensing: intracellular signaling 
in the anterior piriform cortex 

Dorothy W. Gietzen 

Department of Anatomy, Physiology and Cell Biology, 

University of California, Davis, CA, USA 

The brain’s anterior piriform cortex (APC) houses the sensor for 
indispensable amino acid (LAA) depletion in omnivorous mammals 
and birds. The glutamatergic output neurons of the APC project to the 
feeding circuitry in the brain. Behaviorally, an IAA deficient diet is 
promptly rejected, allowing adaptive foraging and dietary selection. 
In the sensory mechanism for detection of IAA depletion in the APC, 
a decrease in an IAA leads to deacylated tRNA and phosphorylation 
of eukaryotic initiation factor 2 at its alpha subunit (eIF2a) via the 
general amino acid control kinase, GCN2. Increased p-eIF2a serves as 
an indicator of sensing LAA-deficiency in the primary neurons of the 
APC. Using electrophysiology, excitatory postsynaptic potential 
(EPSP) field recordings from APC slices also show neuronal activa¬ 
tion (increased amplitude) in response to IAA depletion. Both 
blockade of glutamatergic AMPA receptors, and removal of extra¬ 
cellular calcium, abolish the postsynaptic potential response with no 
effect on p-elF2a. Intracellular chelation of calcium with BAPTA- 
AM or blockade of calcium release via ryanodine receptors each 
reduced the levels of p-eIF2ot in APC slices incubated in a threonine 
devoid (ThrDev) medium and blocked the elevated electrophysio- 
logical recording (EPSP) due to ThrDev in the APC slice. These 
results indicate that intracellular calcium release is required for full 


expression of both the biochemical and subsequent electrophysio- 
logical responses to IAA depletion in the primary sensory neurons of 
the APC. 


Sensing and signaling functions associated 
with the SNAT2 amino acid transporter 

Hari Hundal, Emma Cwiklinski, and Peter M Taylor 

Division of Molecular Physiology, College of Life Sciences, 
University of Dundee, Scotland, UK 

The SNAT2 (“System A”) amino acid (AA) transporter is widely- 
distributed in mammalian cells mediating the uptake of neutral AAs 
for protein synthesis and other metabolic processes. A major feature 
of System A is its upregulation in response to AA limitation, a process 
referred to as adaptive regulation, which not only involves an increase 
in SNAT2 gene expression, but an increase in SNAT2 protein sta¬ 
bility. SNAT2 adaptation can be suppressed by resupply of any single 
System A substrate, including Me-AIB, in an otherwise AA deficient 
environment. Additionally, studies involving shRNA knockdown, 
expression of transporter chimeras and analysis of cell signalling 
demonstrate that SNAT2 provides a repressive signal on the one hand 
for regulation of its own gene during AA sufficiency, whilst simul¬ 
taneously promoting activation of the mTOR pathway on the other, 
which stimulates protein synthesis and cell growth. 

The concept of a dual function nutrient transporter-receptor 
(termed a “transceptor”) is well established in lower eukaryotes such 
as yeast, but is only now being recognised to be of importance in the 
context of mammalian cells. Our findings raise the possibility that 
SNAT2 acts as a “transceptor” capable of “sensing” AA substrate 
availability and passing on signals that regulate gene expression and a 
key nutrient signaling pathway. SNAT2 has thus revealed itself as a 
potential drug target by which to promote cell growth (e.g. to coun¬ 
teract age-related muscle wasting) or, if an inhibitor is developed, to 
reduce cell growth (e.g. in cancer chemotherapy). 


Aberrant amino acid signalling and metabolism 
in the Deletor mouse 

Christopher Carroll, Sofia Ahola, Henna Tyynismaa, Matej 
Oresic, and Anu Suomalainen-Wartiovaara 

Helsinki University, Helsinki, Finland 

We performed transcriptomic, metabolomic and lipidomic profiling 
in the Deletor mouse, a disease model for a late-onset mitochondrial 
myopathy and neurodegeneration. These mice exhibit all the bio¬ 
chemical hallmarks of a late-onset myopathy including 
mitochondrial DNA deletions and COX deficient fibres in skeletal 
muscle. We have previously shown that the Deletor muscle shows 
features of starvation response. Here we found amino acid metab¬ 
olism and related signalling to be dysfunctional in multiple tissues. 
Transcriptomic analysis of Deletor skeletal muscle revealed that 
genes involved in amino acid metabolism were induced. We also 
performed promoter-based bioinformatic analyses of the Deletor 
skeletal muscle transcriptomic data and found that many of the 
induced genes contained the same elements induced by a known 
stress response. Some of the genes induced have not previously been 
described to be activated by this stress pathway, however, they too 
contained the stress response elements. We propose that dysfunc¬ 
tional systemic amino acid metabolism and signalling occurs 
secondarily to respiratory chain dysfunction. Furthermore we also 
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propose a mechanism by which respiratory chain dysfunction in 
muscle induces a stress response. 

Amino acids, peptides, proteins, 
exercise and diabetes 

Pancreatic beta cell amino acid metabolism 
in the regulation of insulin secretion 

Philip Newsholme 

School of Biomolecular and Biomedical Science, Conway 
Institute and Health Sciences Complex, UCD Dublin, Belfield, 
Dublin, Ireland, philip.newsholme@ucd.ie 

Individual amino acids do not evoke insulin-secretory responses in 
vitro when added at physiological concentrations, rather, combina¬ 
tions of physiological concentrations of amino acids or high 
concentrations of individual amino acids are much more effective. In 
vivo, amino acids derived from dietary proteins and those released 
from intestinal epithelial cells, in combination with glucose, stimulate 
insulin secretion, thereby leading to protein synthesis and amino acid 
transport in target tissues such as skeletal muscle. Mitochondrial 
metabolism is crucial for the coupling of glucose, alanine, leucine, 
glutamine and glutamate recognition to exocytosis of insulin granules. 
Mitochondria generate ATP (the main coupling messenger in insulin 
secretion which causes closure of Katp channels, plasma membrane 
depolarization and Ca 2+ influx) and other factors, which serve as 
sensors for the control of the exocytotic process. The main factors that 
mediate the key amplifying pathway over the Ca 2+ signal in nutrient- 
stimulated insulin secretion are nucleotides (ATP, GTP, cAMP, 
NADPH), although metabolites have also been proposed, such as 
long-chain acyl-CoA derivatives and glutamate. Aspartate and glu¬ 
tamate are substrates required for the operation of the redox malate- 
aspartate shuttle, which in the beta cell ensures efficient transfer of 
glycolytic NADH to the mitochondrial matrix for oxidation. Gluta¬ 
mate may also participate in the formation of glutathione, via 
reactions of the gamma-glutamyl cycle, ensuring efficient responses 
to oxidative stress. In addition, after chronic exposure, specific amino 
acids may influence gene expression in the /J-cell which impact on 
insulin secretion and cellular integrity. Therefore amino acids may 
play a direct or indirect role in insulin secretion. 


Structural studies of glucagon family peptides 

Chandralal Hewage 

School of Biomolecular and Biomedical Science, Conway 
Institute, University College Dublin, Dublin 4, Ireland, 
Chandralal.Hewage@ucd.ie 

Incretin peptide hormones GLP-1 and glucose-dependent insulino- 
tropic polypeptide (GIP) play an important role in postprandial 
nutrient homeostasis in man. These hormones have an important 
role to play in metabolism since incretins have multiple glucose 
lowering abilities including promotion of insulin biosynthesis and 


secretion in the pancreatic beta-cell. There has been a keen interest 
in the potential of stable forms of incretin hormones of GLP-1 and 
GIP in diabetes therapy. 

We have shown that GIP(l-30)amide produced a similar dose- 
dependent insulinotropic pattern to native GIP. NMR structural 
studies of GIP carried out in our laboratory under physiological 
conditions showed that the GIP forms an alpha-helical conformation 
between residues Serll-Gln29 and its bioactive conformation and 
hydrophobic character. Current NMR studies of GIP in phospholipid 
media show that the GIP adopt an alpha-helical conformation 
between residues 11-30 but C-terminal remains to be random coil. 
Further studies were conducted to advance our understanding of the 
likely interactions of the native intact GIP(l-42) structure with the 
extracellular domain its GPCR receptor. This work using NMR in a 
micelle background examined the likely docking position of GIP with 
its receptor binding region and revealed a likely interaction of various 
GIP amino acid side chains with specific residues on the extracellular 
domain from the human GIP receptor. 


Metabolic responses of obestatin peptides in normal 
and high-fat fed mice 

Brian D. Green 1 , Nigel Irwin 2 , and Peter R. Flatt 2 

'School of Biological Sciences, Queens University Belfast, 
Stranmillis Road, Belfast, Northern Ireland, UK 
2 School of Biomedical Sciences, University of Ulster, Coleraine, 
Northern Ireland, UK 

Obestatin is a peptide derived from the preproghrelin gene that has 
been demonstrated to alter food intake, gut motility and body weight. 
This investigation assessed acute metabolic responses to feeding 
following administration of obestatin (1-23) or truncated peptides 
(11-23) or (1-10) to normal and high-fat fed (HFF) mice. Before 
assessing effects on feeding, direct effects of obestatin peptides 
(1 pmole/kg; n = 6) on glucose regulation or insulin secretion were 
examined in normal mice following glucose challenge (18 mmol/kg). 
No alterations in plasma glucose or insulin responses were observed. 
Following fasting for a 16 h period, normal or HFF mice received 
either intraperitoneal obestatin (1-23), (11-23) or (1-10) (1 pmole/ 
kg; n = 6) 4 h prior to an allowed 15 min period of feeding. In both 
normal and HFF mice obestatin (1-10) did not affect feeding or 
subsequent metabolic responses. Obestatin (1-23) and (11-23) 
reduced food intake in normal mice by 43 and 53% (P < 0.05), 
respectively, however, reductions in food intake in HFF mice were 
greater (86 and 90% lower than saline, respectively; P < 0.01- 
0.001). Furthermore, metabolic responses to feeding differed in 
normal mice compared with HFF mice. In normal mice both glucose 
excursions and insulin responses were lowered by 64-77% 
(P < 0.01-0.001) compared with saline controls. In HFF mice glu¬ 
cose responses to feeding after obestatin (1-23) and (11-23) 
administration were reduced by 58 and 55%, respectively. However, 
in contrast to normal mice the plasma insulin responses of HFF mice 
remained unchanged following injection of obestatin peptides. These 
observations support a role for obestatin in regulating metabolism 
through changes of appetite, but do not indicate direct actions on 
glucose homeostasis or insulin secretion. Furthermore, the inhibitory 
effects of obestatin (1-23) and (11-23) on feeding appear to be 
greater in HFF mice than normal mice and the insulin responsiveness 
to feeding is impaired. 
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Aminoacyl-tRNA synthetases 
in signaling and diseases 

Overall proteome quality sensing and maintenance 
is governed by the ER 

Lluis Ribas de Pouplana 

Gene Translation Laboratory, Institute for Research in 
Biomedicine and ICREA, Barcelona Science Park, Barcelona, 
Catalonia, Spain, Lluis.ribas@irbbarcelona.org 

The gene translation machinery is directly linked to a large number of 
human diseases. Our laboratory is focused on studying the reactions 
of tissues and cells to errors caused by aminoacyl-tRNA synthetases 
(ARS), and tRNAs. We study the connections between ARS biology 
and human disease in a number of interlinked projects that aim at 
increasing our understanding of these connections as well as gener¬ 
ating new tools for the treatment of the associated diseases. 

A decrease in the fidelity levels of the protein synthesis apparatus 
has been shown to be deleterious and potentially lethal. Several 
studies in bacteria, yeast, and human cells have demonstrated that an 
increase in the rate of error during protein synthesis reduces cell 
viability. In mammals, the malfunctioning of some elements of the 
translation machinery causes disease. We have modified a specific 
ARS-tRNA interaction to increase the frequency of proteome beyond 
1(T 4 in a controlled manner, and to study the response that this 
problem elicits in human cells and in a chicken embryo model. The 
impact of these substitutions is being characterized, quantified and 
modeled. We have been able to show that cells monitor proteome 
quality by surveying only a subset of their proteins. 

Role of aminoacyl-tRNA synthetases 
in the peripheral nervous system: lessons 
from Drosophila 

Albena Jordanova 

VIB Department of Molecular Genetics, University of Antwerp, 
Antwerp, Belgium 

Aminoacyl-tRNA synthetases (AARS)—the enzymes charging tRNA 
with its cognate amino acid- are key components of the protein syn¬ 
thesis machinery. Whilst their activity is clearly required by all cells, it 
is unexpected that defects in several AARS have been recently reported 
to have highly specific consequences in the nervous tissue and cause 
neurodegenerative disorders. 

Drosophila melanogaster is an attractive model organism for studying 
the AARS role in neuronal homeostasis. Loss of GlyRS, TrpRS or 
GluRS activity in fly neurons specifically affects the dendritic and 
axonal arborization, indicating that different aspects of neuronal mor¬ 
phogenesis are differentially sensitive to perturbations in translation. 
We have reported that mutations in TyrRS cause dominant interme¬ 
diate Charcot-Marie-Tooth neuropathy type C (DI-CMTC). This is a 
novel form of inherited neuropathy caused by axonal degeneration and 
demyelination of peripheral nerves. Our biochemical and genetic 
complementation experiments demonstrated that DI-CMTC associated 
TyrRS mutations differentially affect its aminoacylation activity and 
therefore the disease is not caused by loss of the canonical enzymatic 
function. Pursuant to understand the mechanistic link of TyrRS to 
neurodegeneration, we established a Drosophila DI-CMTC model and 
tested if the disease-causing human mutations could cause neuropathy 


symptoms in a dominant way in flies. Ubiquitous and neuron-specific 
expression of mutant TyrRS in Drosophila recapitulated several hall¬ 
marks of the human disease, indicating that DI-CMTC mutations in 
this ubiquitously expressed enzyme have intrinsic effects in neurons. 
Our results show that the connection of TyrRS to neurodegeneration is 
deeply rooted in evolution and that this connection does not result from 
haploinsufficiency of the canonical aminoacylation function. 


Mechanism of tRNA-dependent incorporation 
of free radical damaged amino acids into proteins 

Liron Klipcan 1 , Nina Moor 2 , Naama Kessler 1 and Mark G. Safro 1 

'Department of Structural Biology, Weizmann Institute of 
Science, Rehovot, Israel, mark.safro@weizmann.ac.il 
institute of Chemical Biology and Fundamental Medicine, 
Novosibirsk, Russia 

The accumulation of proteins damaged by reactive oxygen species 
(ROS), conventionally regarded as having pathological potentials, is 
associated with age-related diseases such as Alzheimer’s, atheroscle¬ 
rosis, and cataractogenesis. Exposure of the aromatic amino acid (aa) 
phenylalanine to ROS-generating systems produces multiple isomers 
of tyrosine—m-tyrosine (/w-Tyr), o-tyrosine (o-Tyr) and the standard 
p-tyrosine (Tyr). Previously it was demonstrated that exogenously 
supplied, oxidized aa could be incorporated into bacterial and 
eukaryotic proteins. It is, therefore, likely that in many cases, in vivo 
damaged aa are available for de novo synthesis of proteins. Though the 
involvement of aminoacyl-tRNA synthetases (aaRSs) in this process 
has been hypothesized, the specific pathway by which ROS-damaged 
aa are incorporated into proteins remains unclear. We provide herein 
evidence that mitochondrial and cytoplasmic phenylalanyl-tRNA 
synthetases (HsmtPheRS and flscfPheRS respectively) catalyze direct 
attachment of m-Tyr to tRNA phe thereby opening up the way for 
delivery of the misacylated tRNA to the ribosome and incorporation of 
ROS-damaged amino acid into eukaryotic proteins. Crystal complexes 
of mitochondrial and bacterial PheRSs with m-Tyr reveal the net of 
highly specific interactions within the synthetic and editing sites. 


Genetic code expansion by non-canonical tRNA 
synthetases 

Osamu Nureki 

Institute of Medical Science, The University of Tokyo, Tokyo, 

Japan 

The genetic code strictly assigns 64 codon triplets to the 20 canonical 
amino acids, except for three stop codons, UAG (amber), UGA (opal) 
and UAA (ochre). These stop codons are occasionally recoded to an 
amino acid by specialized transfer RNAs (tRNAs) called suppressor 
tRNAs. In all living cells, UGA opal codon is recoded to selenocy- 
stein (Sec), the 21st natural amino acid, depending on the downstream 
specific RNA element. The incorporation involves a tRNA synthetase 
and two metabolic enzymes. We elucidated the structural basis of the 
indirect amino acid conversion to expand the genetic code. In 
methanogenic archaea and some anaerobic eubacteria, the UAG 
amber codon is recoded to pyrrolysine, the 22nd amino acid, through 
direct acylation of amber suppressor tRNA PyI by pyrrolysyl-tRNA 
synthetase (PylS). The tRNA Pyl suppressor has an unusual structure, 
lacking most of the consensus features of canonical tRNAs, analogous 
to mammalian mitochondrial tRNAs. It is thus unclear how such 
unusual tRNAs function in the ribosome and how PylS discriminates 
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between suppressor and canonical tRNAs. Here we solved the crystal 
structure of the PylS tRNA Pyl complex from Desulfitobacterium ha- 
fiiiense at 3.1 A resolution. The suppressor tRNA Pyl has an unusual 
minimal core structure formed by a non-standard D-loop, a T'PC-loop 
and a variable loop, which are re-organized to mimic the canonical 
L-shape to function normally in the ribosome. PylS recognizes the 
unusual compact core structure hy steric compatibility, which enables 
discrimination of the suppressor from the other canonical tRNA. 


Human aminoacyl-tRNA synthetases 
as multiplayers in signaling and diseases 

Sunghoon Kim 1 ' 2 

'Center for Medicinal Protein Network and Systems Biology, 
College of Pharmacy, Seoul National University, Seoul, Korea 
2 Integrated Bioscience and Biotechnology Institute, Advances 
Institutes of Convergence Technology, Suwon, Korea 

Aminoacyl-tRNA synthetase (ARSs) are ancient enzymes Unking 
amino acids to their cognate tRNAs. While these enzymes are cata- 
lytically involved in protein synthesis, they also play diverse 
regulatory roles in the determination of cell fate via their versatile 
molecular interactions and secondary catalytic activity. For instance, 
several different ARSs are secreted as cytokines with distinct activities 
in angiogenesis and immune responses. In higher eukaryotic systems 
including human, nine different ARSs form an intriguing macromo- 
lecular protein complex with three non-enzymatic factors named as 
AIMPl/p43, AIMP2/p38 and AIMP3/pl8. These factors are not only 
important for the cellular stability of the associated ARSs but also 
implicated in various pathophysiological processes. For this reason, 
disruption of gene expression or detrimental mutations of ARSs and 
AIMPs are associated with many human diseases such as cancer and 
neurodegeneration. AIMP1 covers broad range of cell regulation and 
metabolism as secreted cytokine or hormone but also as intracellular 
signal mediators. AIMP2 and AIMP3 are potent tumor suppressor 
working at immediate upstream of p53 for the integrity of chromo¬ 
some. The functional significance and unique working mechanisms of 
ARSs and AIMPs provide an opportunity that they can he explored as 
novel disease-associated biomarkers and therapeutic targets. 

Basic mechanisms of glutamatergic 
synaptic transmission and plasticity 

Regulation of glutamate release during hippocampal 
synaptic plasticity 

Steven A. Siegelbaum and Mohsin Ahmed 

Department of Neuroscience, Columbia University Medical 
Center, Howard Hughes Medical Institute, New York, 

NY 10032, USA 

Hippocampal CA1 pyramidal neurons receive two major classes of 
excitatory glutamatergic inputs. Direct information from cortex is 
relayed by the perforant path (PP) synapses whereas information 
processed by the hippocampus is relayed by the Schaffer collateral 
(SC) synapses. Although a great deal is known about the properties of 
the SC synapses and the importance of long-term potentiation (LTP) 
of synaptic transmission at these inputs for learning and memory, 


relatively little is known about the properties of the PP synapses and 
the mechanisms of PP LTP. We compared the presynaptic properties 
of PP versus SC inputs and examined the possible contribution of 
changes in presynaptic function to the expression of PP LTP. 

Presynaptic properties were assayed in acute hippocampal slices 
from adult mice using two-photon microscopy of a fluorescent marker 
of synaptic vesicle cycling, FM 1—43. The rate of dye release from 
presynaptic boutons during synaptic stimulation provided an index of 
the efficacy of presynaptic function. Under basal conditions, the rate of 
dye release was two-fold faster at the SC synapses compared to PP 
synapses, due to a lower contribution of N-type voltage-gated Ca 2+ 
channels to the release process at the PP synapses. Induction of PP LTP, 
which required activation of both NMDA receptors and L-type Ca 2+ 
channels, increased the rate of FM 1—13 release due to a recruitment of 
N-type channels to the release process. Thus, distinct glutamatergic 
inputs converging on a common postsynaptic cell can differ in their 
release efficacy, which can be enhanced during long-term potentiation. 


Activity-dependent plasticity expressed by NMDA 
receptors in the hippocampus 

Pablo E. Castillo and Dominick P. Purpura 

Department of Neuroscience, Albert Einstein College 
of Medicine, Bronx, NY, USA, pcastill@aecom.yu.edu 

While most excitatory synapses express both AMPA and NMDA sub- 
types of glutamate receptors, synaptic plasticity (i.e. LTP/LTD) is 
commonly associated with changes of AMPAR-mediated synaptic 
transmission. Growing evidence suggests that NMDARs can also 
express LTP/LTD at CNS synapses. An interesting case can be found at 
the mossy fiber to CA3 pyramidal cell synapse (mf-CA3) in the hip¬ 
pocampus. Thus far, the focus at these synapses has been on a purely 
presynaptically induced and expressed form of LTP of basal AMPAR- 
mediated transmission (classical mfLTP). We have recently found that 
mf-CA3 synapses can also undergo a novel form of plasticity that is 
expressed postsynaptically as a selective, long-lasting increase in 
NMDAR-neurotransmission (NMDAR-mfLTP). Induction of 
NMDAR-mfLTP requires coactivation of NMDA and mGlu5 receptors 
and postsynaptic calcium rise. Unlike classical LTP, expression of 
NMDAR-mfLTP is due to a PKC-dependent recruitment of NMDARs 
specifically to the mf-CA3 synapse via a SNARE-dependent process. 
Recent studies have shown that the synaptic adhesion molecule Neu- 
rolgin 1 (NL1) is involved in recruiting NMDARs to synapses. We 
found that postsynaptic NMDAR-mfLTP, hut not classical presynaptic 
LTP, is substantially reduced in the NL1-KO mice. Moreover, the 
potentiation of mf-NMDAR-EPCSs induced by loading C A3 pyramidal 
cells with the catalytically active form of PKC, PKM, is also reduced in 
NL1-KO mice, strongly suggesting that NL1 is operating downstream 
of PKC to enhance NMDAR signaling in NMDAR-mfLTP. Our find¬ 
ings at the mf-CA3 synapse strengthen the notion that NMDAR- 
mediated transmission is more dynamic than originally thought. 


Fear learning and synaptic plasticity 

Simon Rumpel 

Research Institute of Molecular Pathology, Vienna, Austria 

Auditory cued fear conditioning is a widely used associative learning 
paradigm in which animals learn to associate a neutral stimulus, 
usually a pure tone, with an aversive stimulus, e.g. a foot shock. 
Subsequently, animals show fear-related behaviour when the CS is 
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presented alone. In the amygdala, a putative site of tone-shock 
association, auditory and sensory input converge onto individual cells 
and projections from the amygdala to output brain areas, e.g. the 
brainstem, mediate fear behaviour. We investigated mechanisms of 
synaptic plasticity at glutamatergic inputs from the auditory thalamus 
on neurons of the lateral amygdala during learning. We find that 
recombinant AMPA type receptors carrying an electrophysiological 
tag are not incorporated into synapses during basal conditions, how¬ 
ever, upon fear conditioning. Interfering with the trafficking of 
endogenous GluRl-containing AMPA receptors strongly impairs 
memory formation. These findings indicate that learning and memory 
formation trigger similar processes as they had been described pre¬ 
viously in culture during artificial induction of synaptic plasticity. 


Coincidence detection at glutamatergic synapses 
in the amygdala 

V. Bolshakov 

Department of Psychiatry, McLean Hospital, Harvard Medical 
School, Belmont, MA, USA 

During auditory fear conditioning, the conditioned stimulus (CS) con¬ 
verges in the lateral nucleus of the amygdala with the painful 
unconditioned stimulus (US) arising from the somatosensory cortical 
and thalamic areas. This convergence results in potentiation of synaptic 
responses in auditory inputs to the LA, retaining memory of the CS-US 
pairing via mechanisms of NMDA receptor-dependent long-term 
potentiation. NMDAR function requires simultaneous activation of its 
glutamate and glycine binding sites. We studied the mechanisms of 
modulation of the NMDAR glycine site in the LA utilizing whole-cell 
recordings in slices. We found that the glycine site of the NMDAR in 
LA neurons is not saturated by the endogenous coagonist under baseline 
conditions. The size of the NMDAR mEPSCs was increased in response 
to the exogenously-applied glycine site agonists, glycine or d-serine. 
This finding suggests that activity-dependent release of the endogenous 
co-agonist of the NMDAR might determine the level of NMDAR 
activation. Consistent with this, we observed activity-dependent 
enhancements of the NMDAR function at thalamo-amygdala synapses 
through increased activation of the glycine site by the endogenous 
glycine site agonist. Incubation of amygdala slices in D-amino acid 
oxidase (DAAO)-containing solution decreased the size of the 
NMDAR-mediated component of glutamatergic synaptic events, sug¬ 
gesting that D-serine might serve as an endogenous activator of the 
NMDAR glycine site in the amygdala. Such synaptic mechanisms could 
mediate coincidence detection during simultaneous activity of groups 
of pre- and postsynaptic neurons and, thus, contribute to the induction of 
pathway-specific synaptic plasticity in fear conditioning circuits. 


G-protein coupled receptors signal selectively 
to NR2A versus NR2B containing NMDA receptors 
and thereby differentially control bidirectional 
synaptic plasticity of CA3-CA1 synapses 

John F. MacDonald, Hongbin Li, Kai Yang, Bikram Sidu, 

Gang Lei, and Michael F. Jackson 

Robarts Research Institute, University of Western Ontario, 

London, ON, Canada 

The induction of LTP at CA3-CA1 neurons requires a Src-dependent 
enhancement of NMDA receptors (NMDAR). It is unclear whether or 


not plasticity of NMDAR contributes to this induction. We report that 
NMDAR can also undergo a Src-dependent potentiation which con¬ 
tributes to the induction of LTP of AMPA receptor-mediated EPSCs. 
Therefore, NMDAR activity regulates plasticity at these synapses. 
NMDAR in CA1 pyramidal neurons are tetramers predominantly 
composed of NR1A in combination with either NR2A or NR2B sub¬ 
units. The role of specific subtypes of NMDAR in the induction of 
synaptic plasticity has proven to be controversial. We have established 
that each of the NR2AR (2NR2:2NR2A) and NR2BR (2NR1.2NR2B) 
subtypes is a selective target of a different G-protein coupled receptor 
signaling pathway. GPCRs which signal via a sequential Gaq/PKC/ 
Pyk2/Src kinase cascade enhance the activity of NR2AR but not 
NR2BR. In contrast, GPCR-mediated (Gas) signals via PKA/Fyn 
enhance NR2BR and not NR2AR. GPCRs that selectively target 
NR2AR dynamically shift the relationship between the frequency of 
stimulation and the direction of synaptic plasticity to the left (lower the 
threshold of induction LTP) without changing the maximal amplitude 
of LTP. In contrast, GPCRs acting via Gas enhance the induction of 
long-term depression and elevate the threshold for LTP induction. 
Therefore, NMDAR subtypes play a key role in determining the 
direction of synaptic plasticity at CA3-CA1 synapses. 

Clinical proteomics in early 
and predictive diagnosis 

Predictive diagnostics, targeted preventive measures 
and personalised treatment: new philosophy 
in health care 

Olga Golubnitschaja 

European Association for Predictive, Preventive and Personalised 
Medicine, (EPMA), Bmssels, Belgium, 
01ga.Golubnitschaja@ukb.uni-bonn.de 

Personalised Medicine is a new philosophy in healthcare: there is an 
obvious trend in the paradigm-change from curative medicine to pre¬ 
dictive diagnostics, development of well-timed prevention and 
individual therapy-planning. Innovative biotechnologies such as clin¬ 
ical proteomics represent the essential technological platform for the 
overall progress in favour of predictive and personalised medicine as 
the medicine of the future. Amongst the most important aspects are 
well-organised population screening, targeted prevention of the fre¬ 
quent pathologies, non- or minimally-invasive diagnostics, optimal 
therapy planning, personalised patient treatment, substantial improve¬ 
ment of the quality of life and optimal solutions for particular social, 
ethical as well as serious economical problems. This decisive progress 
can be achieved only by the following well-coordinated measures: 

• adequate investment creating novel technologies, 

• development of non- or minimally-invasive diagnostic tools, 

• well-organised process for exchange and transfer of knowledge 
among biomedical research entities and biotechnological indus¬ 
tries for production of advanced diagnostic tools, 

• quality assurance through the introduction of international stan¬ 
dards for technological tools and devices, patenting and licenses, 

• correct professional education in terms of the application of 
biotechnological high-tech procedures in medicine, 

• intelligent political regulations in the healthcare sector including 
introduction of obligatory guidelines and clear regulations for the 
health insurance industry to ensure patients needs are met, 
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• measures to ensure confidentiality of patient information and 
personal databank, 

• distribution of relevant information among healthcare profession¬ 
als and users. 

Mission of the European Coordinator in this field is performed by 
“European Association for Predictive, Preventive and Personalised 
Medicine”. 


Risk factors and potential prediction in glaucoma 

Kristina Yeghiazaryan 1 , Josef Flammer 2 , 
and Olga Golubnitschaja 1 

'Department of Radiology, Rheinische Friedrich-Wilhelms- 
University of Bonn, Germany, 01ga.Golubnitschaja@ukb.uni- 
bonn.de 

department of Ophthalmology, University Hospital Basel, 

Basel, Switzerland 

Why early diagnostics is essential for glaucoma treatment? 

Worldwide, 67 million patients are affected by the neurodegen- 
erative eye disease Glaucoma. Glaucomatous optic neuropathy is the 
second leading cause of permanent vision loss. Early diagnostics has 
been demonstrated to be highly beneficial for well-timed treatment 
measures to suppress the disease progression. 

What is the impact of predictive molecular diagnostics in 
glaucoma? 

Molecular pathomechanisms of glaucoma demonstrate both a 
considerable overlap and remarkable particularities to some other 
neurodegenerative disorders, e.g. Alzheimer’s and Parkinson’s dis¬ 
eases. Therefore, the selection of a set of key molecules, the 
expression levels of which are specifically affected by glaucoma, is 
particularly valuable for the development of highly precise molecular 
diagnostic approaches. 

Noninvasive imaging technologies in early and predictive glau¬ 
coma diagnostics. 

Imaging of DNA-damage and -repair capacity: Comparative 
“Comet Assay” analysis demonstrates significantly enhanced DNA- 
damage and decreased DNA-repair capacity in circulating leukocytes 
of glaucoma patients versus these of controls. Furthermore, the 
pathology-specific comet patterns have been registered. 

Altered gene expression patterns in blood: The following key 
pathways are affected in glaucoma pathology: stress response, apop¬ 
tosis and DNA-repair, adhesion, blood-brain-barrier-breakdown, tissue 
remodeling, transcription regulation, multi-drug resistance, energy 
metabolism. These pathology-specific molecular patterns in blood may 
create the basis for the development of novel noninvasive molecular 
imaging technologies in early and predictive glaucoma diagnostics. 

Cancer predisposition in Diabetes Mellitus: 
predictive proteome profiling and personalised 
therapy planning 

Melanie Cebioglu, Hans H. Schild, and Olga Golubnitschaja 

Department of Radiology, Rheinische Friedrich-Wilhelms- 
University of Bonn, Bonn, Germany, 
01ga.Golubnitschaja@ukb.uni-bonn.de 

Diabetes mellitus (DM) is a lifelong, progressive disease and 
worldwide the fourth leading cause of death: every 10 s one patient 
dies from DM-related consequences. The recent years have brought 


new knowledge concerning the predisposition to cancer in diabetics: 
the large population studies performed indicate an increased risk of 
liver, pancreas, bladder, digestive and urinary tracts, and endome¬ 
trium cancer types in DM with some age-specific differences and 
gender-dependent preferences. Although the molecular pathomecha¬ 
nisms of secondary diabetic complications require further 
investigations, recently collected research data contribute well to 
understanding of the pathology. Oxidative damage to DNA is well 
documented for diabetics and can be explained by impaired glucose/ 
insulin metabolism. These findings indicate an imbalance between the 
increased production of ROS and decreased DNA-repair capacity in 
DM. Moreover, excessive ROS production leads to induced oxidative 
damage of chromosomal/mitochondrial DNA. Mitochondrial dys¬ 
function is resulting in decreased energy production. Thus, 
insufficient repair capacity consequently leads to the accumulation of 
damaged chromosomal/mitochondrial DNA. Whereas long-term 
accumulation of DNA mutations is well-acknowledged as triggering 
cancer, the dysfunction of mitochondria might also be implicated in 
pathomechanisms of diabetes-provoked cancer. The pathology-spe¬ 
cific alterations in protein-profiles of cancer-diseased diabetics versus 
non-diabetic cancer patients and healthy controls have been demon¬ 
strated. The pathology specific marker-candidates profiling in blood 
samples might be potentially useful for the development of non¬ 
invasive predictive diagnostic tools which can be applied to improve 
the diabetic care. 

Predictive diagnostics of long-term outcomes 
in perinatal asphyxia 

Viktoriya Peeva 1 , Kristina Yeghiazaryan 1 , 

Mario Herrera-Marschitz 2 , and Olga Golubnitschaja 1 

'Department of Radiology, Rheinische Friedrich-Wilhelms- 
University of Bonn, Bonn, Germany, 
01ga.Goluhnitschaja@ukb.uni-bonn.de 

Programmes of Molecular and Clinical Pharmacology, ICBM, 
Faculty of Medicine, University of Chile, Santiago, Chile 

Birth asphyxia is the most frequent perinatal complication annually 
resulting in some million deaths. This pattern diversifies geographi¬ 
cally and extends between 1 and 50 cases per 1,000 births. Several 
severe pathologies occurring in childhood and adulthood may be 
primarily triggered via birth asphyxia. The discovery of its molecular 
pathophysiology would he a breakthrough and the expression profil¬ 
ing of the pathology-specific protein patterns involved in its 
pathomechanism, is showing great potential. 

For the profiling of differentially expressed groups of genes, the 
smart “gene hunting”—technology of subtractive hybridization, has 
been used to compare the molecular patterns in brain of asphyxiated 
newborn versus those in normoxic ones. Following pathways were 
identified to be affected in brain by the asphyxia: several central met¬ 
abolic pathways (e.g. energy metabolism, metabolism of nucleic acid 
and lipids), regulation of nuclear and DNA-binding factors, transcrip¬ 
tion and translation regulation, free-radical production and redox- 
control, synthesis of signaling molecules (such as nitric-oxide) and 
heat-shock proteins, membrane transport, ion-handling, activation of 
proto-oncogenes. Extensive alterations in the above listed pathways 
have been reported also at the translational level by the pathology- 
specific protein profiling. These alterations may be implicated 
in the development of asphyxia-related chronic complications: 
(neuro)degenerative processes, generation of pre-cancerous lesions in 
the affected organs, etc. Pathology-specific protein-profiling by blood 
tests are highly attractive tools to develop non-invasive diagnostic 
approaches and to predict an individual predisposition to secondary 
complications in asphyxiated newborns. 
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Protein analysis, data mining and information 
systems in routine predictive laboratory diagnostics 

M. Kapalla 1,2 and D. Kapallova 3 

'Negentropic Systems s.r.o., Ruzomberok, Slovakia 
2 Board of Directors, European Association for Predictive, 

Preventive and Personalised Medicine (EPMA), Brussels, 

Belgium 

3 Member of European Association for Predictive, Preventive and 
Personalised Medicine (EPMA), Ruzomberok, Slovakia, 
kapalla@epmanet.eu 

Background: Judging by the chemical structure, in the routine clin¬ 
ical laboratory well over 60% of analytes belong to the proteins, be 
them enzymes, protein hormones, immunoglobulins, tumor markers, 
specific proteins and other related structures. The number of the 
analytes of protein nature continually increases and so does the 
number of accumulated data stored in the databases of the laboratory 
information systems. Latest development in the field of proteomics 
will increase this number even faster. 

Conclusion: Routine clinical laboratories should prepare for their key 
role in the emerging concept of predictive, preventive and persona¬ 
lised medicine since they have direct access to the data which can 
serve as the basis for the discoveries of new relations and correlations 
between analytes of different characteristics. The protein networks 
scientists try to draw and model may get more reliable when “tuned” 
using real population data and the latest information technology 
available. Neural network data mining of clinical databases should be 
engaged in the laboratory information systems to create reliable and 
continually evolving models of proteins networks and consequently 
the model of the entire human metabolism. Such models may then 
serve in the routine practice of the clinical laboratory for the pre¬ 
diction of possible health problems of the individual patient. The 
more new analytes are taken into consideration for data mining the 
better and faster we can have reliable models. Research in the field of 
proteomics and its routine application has very high potential of 
boosting the field of predictive, preventive and personalised medicine. 

Analysis of potentially toxic food contaminants: 
proteome of Aspergillus ochraceus 

Rizwan Muhammad 1 , Ingrid Miller 2 , Josef Bohm 3 , 
and Ebrahim Razzazi-Fazeli 1 

1 VetOMICS Core Facility, Proteomics and Metabolomics, 

Veterinary Medicine University, Vienna, Austria 

institute of Medical Chemistry, Veterinary Medicine University, 

Austria 

3 Institute of Nutrition, Veterinary Medicine University, Vienna, 
Austria 

Ochratoxin A (OTA) is a potent nephrotoxic fungal secondary metab¬ 
olite produced by various moulds including Aspergillus ochraceus. 
OTA is widely distributed in Europe and North America and has been 
found as a natural contaminant in agricultural commodities, apparently 
causing ochratoxicosis and nephropathy by degradation of the proximal 
tubules followed by interstitial fibroses. The toxin has also been 
implicated in human Balkan nephritis. OTA has been shown to be 
carcinogenic, teratogenic and immunotoxic as well as foetotoxic. 

In this paper we report for the first time on the identification and 
characterization of major proteins of A. ochraceus. To obtain a compre¬ 
hensive overview about the expression of proteins under different 
physiological conditions a proteomic approach was applied. For this pur¬ 
pose A. ochraceus NRRL 5175 was cultured in malt extract broth. Cell 


disruption was performed by grinding the mycelium with liquid nitrogen. 
Proteins were extracted using lysis buffer and precipitated with TCA- 
acetone and then washed several time. The extracted proteins were sepa¬ 
rated in a 2D-gel electrophoresis system. The spots were extracted and 
trypsin digest was carried out. Proteins were identified using MALDI- 
TOF-TOF mass spectrometer. The verification of results was done using 
standard database search engines (e.g., MASCOT). Due to incomplete 
proteome database of this specie standard search engines did not provide 
optimal confidence in protein annotation. The proteins with low confidence 
score were de novo sequenced and the generated sequences were subjected 
to homology search for the identification of proteins. 

Cognitive enhancement and GABA B -receptors 
GABA b receptor: a complex allosteric machine 
to tune up synaptic transmission 

Philippe Rondard 1 , Carine Monnier 1 , Siluo Huang 2 , 

Jianfeng Liu 2 , Eric Trinquet 3 , and Jean-Philippe Pin 1 

‘CNRS UMR5203, INSERM U661, University of Montpellier, 
Institut de Genomique Fonctionnelle, Montpellier, France 
institute of Biophysics and Biochemistry, Huazhong University 
of Science and Technology, Wuhan, Hubei, China 
3 CisBio International, Bagnols-sur-Ceze, France 

The G-protein coupled receptor activated by the neurotransmitter 
GABA is made up of two distinct subunits, GAB A B i that binds agonists, 
and GABA B2 that activates G-proteins. Each subunit comprises an 
extracellular domain and a transmembrane heptahelical domain. How 
the two subunits communicate in the heteromeric receptor remains 
unknown and understand these processes will enable to develop better 
drugs. Here, we used a combination of biophysical, biochemical and 
bioinformatics approaches to investigate the molecular functioning of 
the GAB A b receptor. First, by using a glycan wedge scanning approach, 
we demonstrate that a relative movement the two extracellular domains 
is required for receptor activation. Second, we set up a novel multi¬ 
labeling approach compatible with time-resolved FRET based on the 
use of ACP- and SNAP-tag technologies to verify the heteromeric 
assembly of GAB A B receptors made of wild-type and mutated subunits. 
We show a direct allosteric coupling between the two heptahelical 
domains is a key step for receptor activation. Our data are challenging 
the actual view of the activation process of the GABA b receptor. 

The GABAb receptors and action of antidepressant 
drugs 

A. Pile 2 ’ 3 , B. Nowak 1 , M. Zadrozna 1 , M. Dybala 1 , A. Siwek 1 , 
J.Wieronska 3 , and G. Nowak 1,2 

'Chair of Pharmacobiology, Collegium Medicum, 

Jagiellonian University, Krakow, Poland 
institute of Public Health Collegium Medicum, 

Jagiellonian University, Krakow, Poland 

institute of Pharmacology, Polish Academy of Sciences, 

Smytna, Krakow, Poland 

Depression is a psychiatric disorders with high morbidity and comor¬ 
bidity. Because of multiple adverse effects of existing drugs and their 
low efficacy, antidepressant therapy for a substantial number of patients 
is unsatisfactory. It is widely accepted that GABA is the primary 
inhibitory transmitter substance in mammalian central nervous system. 
Data are accumulating that the recently cloned GAB A B receptors might 
become a target for the development of new antidepressant drugs. The 
experiments demonstrate, that the most consistent finding following 
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chronic administration of antidepressants is an increase in GABA b 
receptor function, with or without a change in receptor binding or 
subunit expression. Data are accumulating that antagonists (but not 
agonists) of GABA b receptor may have antidepressant effects in the 
preclinical studies. GABA b receptor antagonists CGP 36742 and CGP 
51176 exhibit antidepressant-like activity in the forced swim test (FST) 
in mice, GABA b receptor agonist CGP44532 was not effective in this 
test, however it counteracted the antidepressant-like effects of CGP 
51176. Furthermore when a noneffective dose of GABA b receptor 
antagonist was administered together with a ineffective dose of anti¬ 
depressant drug imipramine, an antidepressant effect was demonstrated 
in the FST. GABA b antagonists, CGP 36742 and CGP 51176, were 
effective in an olfactory bulbectomy (OB) model of depression in rats, 
the latter one was also effective in chronic mild stress (CMS) rat model 
of depression. The immunohistochemical data show that GABA-ergic 
neurons are immunoreactive for calcium binding proteins calbindin and 
parvalbumin. The number of calbindin immunopositive neurons is 
reduced by 18.6% in stratum granulosum of dentate gyrus and in the 
medial prefrontal cortex a significant 17% reduction in parvalbumin 
immunoreactivity and 20% reduction in calbindin immunoreactivity 
were observed in rats exposed to chronic unpredictable stress, which 
can be regarded as a model of depression. The data are in line with the 
hypothesis of GABA-hypofunction in depression. 

GABA C antagonists as memory enhancers 

M. Chebib 1 , H.-L. Kim 1 , R. J. Kumar 1 , S. Matos 1 , 

H. Abdel-Halim 1 , T. Hinton 2 , S. P. Fernandez 2 , 

G. A. R. Johnston 2 , and J. R. Hanrahan 1 

'Faculty of Pharmacy, Faculty of Medicine, The University 

of Sydney, NSW 2006 Australia 

department of Pharmacology, Faculty of Medicine, 

The University of Sydney, NSW 2006 Australia 

Cis- and /ram-(3-aminocyclopentanyl)butylphosphinic acid (cis- 
and /ran.s-3-ACPBPA) and (R) and (S)-(4-aminocyclopentenyl) 
butylphosphinic acids ((R)- and (S)-4-ACPBPA are conformationally 
restricted analogs of the orally active GABA b/c receptor antagonist (3- 
aminopropyl)-n-butylphosphinic acid (CGP36742 or SGS742). These 
compounds were developed and evaluated on recombinant human 
GABA receptors expressed in Xenopus oocytes. These compounds had 
little effect on GABA a and GABA b receptors but were competitive 
antagonists at human GABA C receptors being >100-times more potent 
at GABA C than either GABA a or GABA b receptors. These agents were 
evaluated in rodents on a number of learning and memory paradigms by 
intraperitoneal administration. It was found that all four compounds 
enhance learning and improve memory. As the physiological effects of 
the GABAc agents are similar to those reported for CGP36742 
(SGS742), it is proposed that the memory effects of SGS742 may be due 
in part to its GABA C activity. 

Memory enhancing effects of some aminophosphinic 
acid analogs of GABA 

H. -L. Kim 1 , R. J. Kumar 1 , J. R. Hanrahan 1 , S. P. Fernandez 2 , 

G. A. R. Johnston 2 , and M. Chebib 1 

'Faculty of Pharmacy, Faculty of Medicine, The University 
of Sydney, NSW 2006, Australia 2 Department of Pharmacology, 
Faculty of Medicine, The University of Sydney, NSW 2006, 

Australia 

Aim: To examine the nootropic effects of the GABA C antagonists (R)- 
and (S)-(4-aminocyclopentenyl)butylphosphinic acids (ACPBPA). 


Methodology: (R)- and (S)-4-ACPBPA were evaluated in 7-9 week 
old male Swiss mice using the holeboard habituation test, and the 
novel object recognition test (NORT). For the holeboard habituation, 
animals (10 per group) were injected ip with saline (vehicle), and the 
drugs (100 mg/kg). The number of nose pokes was recorded for 10 
minutes on day 1 and again 24-h later (day 2). For the NORT, animals 
(10 per group) were injected ip with saline (vehicle), 150 mg/kg 
SGS742, 0.3 mg/kg scopolamine and (R)-4-ACPBPA (0.1-100 mg/ 
kg) 20 min prior to training. Vehicle and 100 mg/kg (R)-4-ACPBPA 
were also evaluated when administered immediately after training. 
The reversal of a scopolamine induced memory loss was also 
examined using the NORT, with animals injected ip with 0.3 mg/kg 
scopolamine alone, +150 mg/kg SGS742, or +100 mg/kg (R)-4- 
ACPBPA. 

Results and discussion: (R)- and (S)-ACPBPA showed a signif¬ 
icant (P < 0.01) decrease in nose pokes in the holeboard habituation 
on day 2 compared to vehicle, indicating improved memory of the 
holeboard apparatus. In the NORT, the recognition index during 
retention was significantly increased (P < 0.05) in animals treated 
with SGS742 and 3, 10, 30 and 100 mg/kg (R)-4-ACPBPA before 
training compared to vehicle. SGS742 (150 mg/kg) and (R)-4-AC¬ 
PBPA (100 mg/kg) significantly (P < 0.01) reversed the induced 
memory loss observed with scopolamine. (R)-4-ACPBPA adminis¬ 
tered after training significantly (P < 0.01) increased the recognition 
index compared to vehicle, indicating improved memory. These 
results show that these GABA C antagonists effectively enhance 
learning and memory. 

Epigenetic-mediated effects on gene 
expression and behavior 

Dynamic chromatin remodeling events in 
hippocampal neurons are associated with NMDA 
receptor-mediated activation of Bdnf 
gene promoter 1 

Feng Tian 1,3 , Xian-Zhang Hu 2 , Xuan Wu 2 , Hong Jiang 2 , 

Hongna Pan 2 , Ann M. Marini 2 , and Robert H. Lipsky 1 ' 4,5 

'Section on Molecular Genetics, Laboratory of Neurogenetics, 
National Institute on Alcohol Abuse and Alcoholism, National 
Institutes of Health, Bethesda, MD, USA 
department of Neurology, Uniformed Services University of the 
Health Sciences, Bethesda, MD, USA 

3 Section on Cancer Genetics, Genetics Branch, National Cancer 
Institute, NIH, Bethesda, MD, USA 

department of Neurosciences, Inova Health System, Inova 
Fairfax Hospital, Falls Church, VA, USA 
5 Krasnow Institute for Advanced Study, George Mason 
University, Fairfax, VA, USA 

Activation of brain-derived neurotrophic factor ( Bdnf) transcription 
involves changes in chromatin structure through changes in DNA 
methylation and posttranslational histone modification. In particu¬ 
lar, NMDA receptor activation plays an essential role in normal 
brain function and neuronal survival. To determine the epigenetic 
events associated with a major activation-dependent Bdnf promoter, 
we screened 12 loci across 4.5 kb of genomic DNA 5' of the 
transcription start site (TSS) of promoter 1 for specific changes in 
histone modification and transcription factor binding following 
NMDA receptor stimulation by hippocampal neurons in culture. 


*£) Springer 



S16 


11th International Congress on Amino Acids, Peptides and Proteins 


Chromatin immunoprecipitation (ChlP) assays showed a durable, 
time-dependent decrease in histone H3 at lysine 9 dimethylation 
(H3K9me2) within three hours of NMDA receptor stimulation 
across multiple loci. Concomitant increases in H3K4me2 and 
H3K9/14 acetylation (H3AcK9/14) were associated with transcrip¬ 
tional activation, but occurred at fewer sites within the promoter. 
The decrease in H3K9me2 was associated with release of HDAC1, 
MBD1, MeCP2, and REST from specific locations within promoter 
1, although with different kinetics. In addition, occupancy of sites 
proximal to and distal to the TSS by the transcription fac¬ 
tors NF-kB, CBP, and CREB were correlated with increased 
occupancy of RNA polymerase II at two loci proximal to the TSS 
following NMDA receptor stimulation. These temporal changes in 
promoter occupancy could occur thousands of base pairs 5' of the 
TSS, suggesting a mechanism that produces a three-dimen¬ 
sional complex, allowing the distal sites to be placed in close 
proximity to what will become the TSS of Bdnf to regulate 
transcription. 


Epigenetic regulation of gene expression on memory 
and response to stress: impact of p300/CBP 
associated factor (PCAF) histone acetyltransferase 

Maurice Tangui 1 , Duclot Florian 1 , and Gongora Celine 2 

'iNSERM U. 710, University of Montpellier 2, Montpellier, 

France 

2 INSERM U. 896, IRCM, University of Montpellier 1, 

Montpellier, France 

Encoding of new information into long-term memory requires the 
expression of new genes and active regulation of gene transcription. 
Particularly, CREB binding protein (CBP) or p300/CBP associated 
factor (PCAF) act as recruiters for components of gene transcription 
and as histone acetyltransferases. Chromatin remodeling, through 
histone acetylation and methylation, is also involved in the physio¬ 
logical response to stress or antidepressants. In particular, regulation 
of brain-derived neurotrophic factor (BDNF) gene expression has 
been described through histone H3 acetylation. In this study, we 
characterized the memory abilities and response to stress and anti¬ 
depressants of PCAF knock-out (KO) mice. At 2 months of age, 
PCAF KO animals developed mainly short-term memory deficits 
(spontaneous alternation, water-maze working memory and object 
recognition) without long-term memory impairments (no passive 
avoidance and water-maze reference memory deficits). KO mice 
presented enhanced c-Fos activation and morphological alterations in 
the hippocampus. The cognitive deficits evolved with age to long¬ 
term memory deficits, and appeared due to both post-natal develop¬ 
mental and functional deficits. KO mice showed an exaggerated 
response to acute stress, measured by increased immobility during 
forced swimming and increased freezing during conditioned fear 
stress. Increased plasmatic corticosterone and ACTH levels were 
measured vs wild-type animals in basal and stress conditions. PCAF 
KO mice showed decreased hippocampal and hypothalamic BDNF 
mRNA and protein levels and increased hypothalamic TrkB-FL 
mRNA levels. Moreover, the BDNF secretion enhancer cysteamine 
reversed forced swimming immobility in KO mice. PCAF KO mice 
thus show a hyper-responsiveness to acute stress and hyper-activation 


of the HPA axis, partly due to deregulation of BDNF and TrkB 
receptor gene expression resulting in lower regulatory activity of 
BDNF system. 

Structure and regulation of BDNF expression in 
rodents and human: similarities and differences 

Tonis Timmusk, Priit Pruunsild, Indrek Koppel, Tamara Aid, 

Mari Sepp, and Kaia Palm 

Department of Gene Technology, Tallinn University 
of Technology, Tallinn, Estonia 

Brain-derived neurotrophic factor (BDNF), a member of the nerve- 
growth factor family of neurotrophins, has important roles in the 
physiology of nervous system. We have re-examined the structures 
and alternative promoters of mouse, rat and human BDNF genes, the 
expression patterns of alternative transcripts, and introduced a new 
numbering system for mammalian BDNF exons. The overall orga¬ 
nization of human and rodent BDNF genes is very similar. Some 
differences are present, though. Most importantly, antisense non¬ 
coding antiBDNF RNAs are transcribed in the human BDNF gene 
locus, but not in rodents, displaying partially overlapping expression 
pattern with BDNF. We have demonstrated the presence of BDNF- 
antiBDNF RNA duplexes in vivo in adult human brain and studied 
regulation of BDNF expression by antiBDNF in human cell-lines. We 
have also studied the cis- and trans-factors involved in neuronal 
activity-mediated induction of human and rodent BDNF gene tran¬ 
scription. Our results show that mechanisms of regulation for rodent 
and human BDNF genes differ substantially. 

Epigenetic mechanisms mediating the long-term 
impact on behavior of the social environment 
in early life 

M. Szyf 1 , M. J. P. Meaney 2 , G. Turecki 2 , M. Hallet 3 , 

C. Hertzman 4 , C. Power 5 , M. Suderman 3 , M. Hallett 3 , 

N. Borghol 1 , N. Provencal 1 , P. McGowan 2 , S. J. Suomi 6 
and R. Tremblay 7 

'Department of Pharmacology, McGill University, Montreal, QC, 
Canada 

department of Psychiatry, Douglas Hospital Research Centre, 
Montreal, QC, Canada 

3 McGill Centre for Bioinformatics, University of British 
Columbia, Vancouver, BC, Canada 

department of Health Care and Epidemiology, University of 
British Columbia, Vancouver, BC, Canada 
5 Institute of Child Health University College London, London, UK. 
6 Laboratory of Comparative Ethology, National Institute of Child 
Health and Human Development, Poolesville, MD, USA. 

7 University of Montreal, Montreal, QC, Canada 

The programming of the genome is accomplished by the epigenome. 
Two elements of epigenomic control are chromatin modification and 
DNA methylation. Epigenetic patterns are generated during cellular 
differentiation by a highly programmed and organized process. 
Nevertheless, they are dynamic and responsive to the environment 
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especially during the critical periods of gestation and early life as 
well as later in life. This sensitivity of the epigenetic machinery to 
the environment offers a conduit through which the environment can 
sculpt the genome and have a long-term impact on behavior. We 
will discuss three studies from rat, rhesus monkeys and human 
delineating the signature of maternal care and social adversity on the 
epigenome. We used high-density oligonucleotide microarrays 
combined with methylated DNA immunoprecipitation to map the 
response of the “methylome” “acetylome” and “transcriptome” in 
different hrain regions as well as T cells and whole blood in adults 
exposed to social adversity early in life and controls. Our pre¬ 
liminary results indicate a wide signature of early life maternal care 
and social positioning on the methylome. Our data also suggest 
evolutionary conservation of the response and its co-clustering in 
defined genomic regions. 

Exocytotic release of amino acids 
from astrocytes 

Exocytotic release of glutamate from astrocytes 

Vladimir Parpura 

Department of Neurobiology, Center for Glial Biology in 
Medicine, Atomic Force Microscopy and Nanotechnology 
Laboratories, Civitan International Research Center, 

Evelyn F. McKnight Brain Institute, University of Alabama, 
Birmingham, AL, USA 

Astrocytes can exocytotically release the transmitter glutamate. 
Increased cytosolic Ca _+ concentration is necessary and sufficient 
in this process. The source of Ca 2+ for the Ca 2+ -dependent 
exocytotic release of glutamate from astrocytes predominately 
comes from endoplasmic reticulum (ER) stores. An additional 
source of Ca 2+ in this process comes from the extracellular space; 
canonical transient receptor potential 1 protein, which form chan¬ 
nels that are activated by depletion of internal Ca 2+ stores allow 
Ca 2+ entry from the extracellular space. Mitochondria can modulate 
cytosolic Ca 2+ levels by affecting two aspects of the cytosolic Ca 2+ 
kinetics in astrocytes. They play a role in immediate sequestration 
of Ca 2+ during the cytosolic Ca 2+ increase in stimulated astrocytes 
as a result of an increased cytosolic Ca 2+ . As cytosolic Ca 2+ 
declines due to activity of pumps, such as the smooth ER 
Ca 2+ -ATPase, free Ca 2+ is slowly released by mitochondria into 
cytosol. Taken together, ER, extracellular space and mitochondria, 
can vary concentration of cytosolic Ca 2+ which in turn can regulate 
Ca 2+ -dependent vesicular glutamate release from astrocytes. 
Vesicular glutamate transporters (VGLUTs) are responsible for 
vesicular glutamate storage and exocytotic glutamate release from 
astrocytes. Over-expression of individual isoforms of VGLUTs in 
solitary astrocytes shows that VGLUT-3, but not VGLUT-1 and -2, 
enhances glutamate release from astrocytes without affecting their 
intracellular Ca 2+ increase. Inhibition of glutamine synthetase 
activity by L-methionine sulfoximine in astrocytes, which raises 
cytoplasmic glutamate levels, greatly increases the exocytotic glu¬ 
tamate release. Taken together, VGLUTs and cytoplasmic 
glutamate levels in astrocytes regulate exocytotic release from 
these cells. 


From genes to proteins to understand 
human genetic diseases 

Maternal polymorphisms in folate metabolizing 
genes and the risk of down syndrome offspring 

Nagwa A. Meguida 1 , Ahmed A. Dardir 1 , Lamiaa Hossiny 2 , and 
Mostafa K. 2 

'Department of Research on Children with Special Needs, 

National Research Center, Cairo, Egypt 

department of Biomedical Technology, National Research 

Center, Cairo, Egypt 

The present study aimed at evaluation of MTHFR 677C/T and 
1298A/C polymorphisms in the MTHFR gene as maternal risk 
factors for DS. Forty two mothers of proven DS outcomes and 48 
control mothers with normal offspring were included. Complete 
medical and nutritional histories for all mothers were taken with 
special emphasis on folate intake. Folic acid intake from food or 
vitamin supplements was significantly low (below the recom¬ 
mended daily allowance) in the group of case mothers compared to 
control mothers. Frequencies of MTHFR 677T and MTHFR 1298C 
alleles were significantly higher among case mothers (32.1 and 
57.1%, respectively) compared to control mothers (18.7 and 32.3%, 
respectively). Heterozygous and homozygous genotype frequencies 
of MTHFRat position 677 (CT and TT) were higher among case 
mothers than controls (40.5 vs. 25% and 11.9 vs. 6.2%, respec¬ 
tively) with an odds ratio of 2.34 [95% confidence interval (Cl) 
0.93-5.89] and 2.75 (95% Cl 0.95-12.77), respectively. Interest¬ 
ingly, the homozygous genotype frequency (CC) at position 1298 
was significantly higher in case mothers than in controls (33.3 vs. 
2.1% respectively) with an odds ratio of 31.5 (95% Cl 3.51— 
282.33) indicating that this polymorphism may have more genetic 
impact than 677 polymorphism. Heterozygous genotype (AC) did 
not show significant difference between the two groups. We here 
report on the first pilot study of the possible genetic association 
between DS and MTHFR 1298A/C genotypes among Egyptians. 
Further extended studies are recommended to confirm the present 


Phenylketonuria and tyrosinaemia: a review 
of 12 years experience of investigations in our 
laboratory practice 

L. Yargui, D. J. Ghriss, A. M. Zellagui, and A. Berhoune 

Mustapha Hospital Center, Laboratory of Biochemistry, Faculty 
of Medicine, University of Algiers Benyoucef Benkhedda, 

Algiers, Algeria 

Several inborn disorders of aromatic amino acid metabolism are 
well-defined. The clinical characteristics and the associated enzy¬ 
matic blocks permit them to be easily recognized. The metabolism 
of phenylalanine (Phe) and tyrosine (Tyr) is still a brilliant 
example that biochemical defect can occur in each step of this 
single pathway. The most frequently encountered disorders are 
phenylketonuria (PKU) with other hyperphenylalaninaemic variants 
and the various forms of tyrosinaemia. However, if early diagnosis. 
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immediate onset of treatment and carefully controlled diet in PKU 
enable the infant to grow up normally, the prognosis of tyrosina- 
emia still very poor. 

Since 1996, we had to answer several requests for diagnosis of 
these metabolic diseases. One hundred and six PKU and ten Hepa¬ 
torenal tyrosinaemia (TH) have been identified among 1,768 patients 
(0-13 years old) by measuring plasma Phe and Tyr concentrations. 
Preliminary urinary tests were also used. 

Unfortunately, at date, neonatal blood screening for PKU is not 
effect in our societies. Only twelve neonates cases have been detected 
in ten known families. The diagnosis of other cases (94) was estab¬ 
lished late in children with mental retardation. Since treatment by 
selective restriction of Phe has intake, we continue to monitor this 
indispensable amino acid. 

For TH cases, seven were presented with hepatic failure and cir¬ 
rhosis at 4 and 11 months of age. The others three were detected by 
clinicians before 3 months of age, two because hypoglycemia and the 
other with hepatomegaly. 

Tyr measurement was assessed. However, hypertyrosinaemia is 
non discriminant feature of the TH. It lacks specificity because other 
disorders in Tyr catabolism can lead to increased Tyr. In order to 
reduce false-positive results ot-fetoprotein levels were determined and 
the biochemical evidence of renal tubular dysfunction was confirmed. 


Glutamate, its transporters 
and antioxidant defenses 

Protective role of system x c — in vivo against 
oxidative stress 

Hideyo Sato 

Yamagata University, Yamagata, Japan 

Cystine/glutamate exchange transporter (system x c -) consists of 
xCT and 4F2 heavy chain, of which the former functions as the 
carrier protein. In mammalian cultured cells, this transporter plays 
pivotal roles for maintaining the intracellular glutathione level and 
extracellular cystine/cysteine redox state. By various stimuli 
including oxidative stress, xCT is strongly induced and intracellular 
glutathione is increased. Thus, xCT is thought as one of the cel¬ 
lular defense systems against oxidative stress. However, it is not 
clear whether xCT functions as the cellular defense system also in 
vivo. Recent studies have suggested that xCT causes some unfa¬ 
vorable outcomes under certain conditions. We have therefore 
investigated the role of xCT in vivo by comparing xCT-deficient 
mice with the wild-type mice against paraquat-induced oxidative 
stress. The viability of xCT-deficient mice by administration of 
45 mg/kg paraquat (i.p.) was significantly lower than that of the 
wild-type mice. Under these conditions, the glutathione level in the 
lung of xCT-deficient mice was significantly lower than that of 
wild-type mice. By the administration of paraquat, xCT mRNA in 
the lung of the wild-type mice was strongly induced, while the 
expression of y-glutamylcysteine synthetase, the rate-limiting 
enzyme for glutathione synthesis, was unchanged in xCT-deficient 
and wild-type mice. These results indicate for the first time that 
xCT contributes to sustaining glutathione level and plays the pro¬ 
tective role also in vivo under certain conditions such as the 
exposure to severe oxidative stress. 


Crucial role of EAAC1, a member of glutamate 
transporter family, in cysteine uptake and 
glutathione level in the brain 

Koji Aoyama 1 ’ 2 , Raymond A. Swanson 2 , Masahiko Watabe 1 , 
and Toshio Nakaki 1 

'Department of Pharmacology, Teikyo University School of 
Medicine, Tokyo, Japan 

department of Neurology, University of California at San 
Francisco, San Francisco, CA, USA 

Glutathione (GSH) is a tripeptide comprised of glutamate, cysteine 
and glycine. Cysteine is the rate-limiting substrate for GSH synthesis 
within neurons. Most neuronal cysteine uptake is mediated by sodium 
dependent excitatory amino acid transporter system, known as 
excitatory amino acid carrier 1 (EAAC1). EAACl-null mice have 
reduced neuronal GSH levels and, with aging, develop brain atrophy 
and behavioral changes. Hippocampal neurons of EAAC1—/— mice 
show reduced GSH content, increased oxidant levels and increased 
susceptibility to oxidant injury. These changes were reversed by 
treating the EAAC1—/— mice with /V-acetylcysteine (NAC), a 
membrane-permeable cysteine precursor. EAAC1—/— mice also 
show reduced the number of dopaminergic neurons in the substantia 
nigra, with aging. An experimental model of Parkinson’s disease, 
l-methyl-4-phenyl-l,2,3,6-tetrahydropyridine (MPTP)-treated mice, 
showed reduced motor activity, reduced GSH contents, EAAC1 
translocation to the membrane, and increased levels of nitrated 
EAAC1. These changes were reversed by pre-administration of NAC. 
Pretreatment with hydrogen peroxide, L-aspartic acid /J-hydroxamate, 
or l-methyl-4-phenylpyridinium (MPP + ) reduced the subsequent 
cysteine uptake in midbrain slice cultures. These findings suggest that 
EAAC1 dysfunction impairs neuronal GSH synthesis, via reducing 
cysteine uptake, to cause neurodegenerative diseases. 


Regulation of neuronal glutathione level by 
GTRAP3-18 via EAAC1 in neurons in vitro and in vivo 

Toshio Nakaki, Koji Aoyama, and Masahiko Watabe 

Department of Pharmacology, Teikyo University School of 
Medicine, Tokyo, Japan 

Glutathione is an essential reductant which protects cells and is 
reduced in neurodegenerative disorders such as Parkinson’s and 
Alzheimer’s diseases. Neurons rely mainly on a cysteine transporter 
termed excitatory amino acid carrier 1 (EAAC1). Regulation of 
EAAC1 for intracellular glutathione content was investigated using 
HEK 293 cells as a model system, primary cultured mouse neurons 
and mouse brain in vivo. In HEK 293 cells, the glutathione content 
decreased when the GTRAP3-18 protein level at the plasma mem¬ 
brane was increased by methyl-beta-cyclodextrin, rendering the cells 
more vulnerable to oxidative stress. Intracellular glutathione 
increased when the GTRAP3-18 protein level at the plasma mem¬ 
brane was decreased by antisense oligonucleotides, rendering the cells 
more resistant to oxidative stress. Furthermore, the increase in glu¬ 
tathione content produced by stimulating protein kinase C, a 
translocator and activator of EAAC1, was inhibited by an increase in 
cell surface GTRAP3-18 protein. In the mouse brain as well as in 
primary cultured neurons, glutathione increased when the GTRAP3- 
18 protein level was decreased by genetic manipulations such as 
siRNA, whereas glutathione decreased when GTRAP3-18 was 
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increased by methyl-beta-cyclodextrin. Furthermore, glutathione 
contents that had been increased by a translocator and activator of 
EAAC1 were suppressed by increased cell surface GTRAP3-18 
protein. Our results demonstrate GTRAP3-18 to dominantly and 
negatively determine the intracellular glutathione contents in neurons. 

Glial versus Neuronal glutamate transporters 
in maintenance of antioxidant defenses 

Laurence Had-Aissouni 1 , Imane Nafia 1 ’ 2 , Christophe Melon 1 , 

Andre Nieoullon 1 , and Lydia Kerkerian-Le Goff 1 

'Equipe Interactions Cellulaires, Neurodegenerescence et 
Neuroplasticite; Institut de Biologie du Developpement de 
Marseille-Luminy, UMR6216 CNRS-Universite de la 
Mediterranee, Campus de Luminy, Marseille cedex 9, France 
2 Fluofarma, Pessac, France 

Glutamate transporters (EAATs) clear extracellular glutamate and 
provide substrates intracellularly for synthesis of the antioxidant tri¬ 
peptide gamma-glutamyl-cysteinyl-glycine (glutathione, GSH), 
transporting both glutamate and cystine (glial subtype)/cysteine 
(neuronal suhtype). We had previously found in differentiated pure 
striatal astrocyte cultures that L-trans-pyrrolidine-2,4-dicarboxylate 
(PDC), a substrate inhibitor of EAATs, induces oxidative cell death 
through depletion of a specific intracellular pool of glutamate nor¬ 
mally fuelled by transport and crucial to maintain GSH levels. We 
had called this novel form of toxicity the “low intracellular gluta¬ 
mate-linked oxidative toxicity” or LIGO toxicity to underscore its 
differences with the classically described mechanisms linked to high 
extracellular glutamate, i.e., excitotoxicity and oxidative glutamate 
toxicity. Here, we investigated the consequences of EAAT dysfunc¬ 
tion using PDC on primary embryonic mesencephalic cultures. PDC 
treatment triggers early and sustained increase in extracellular glu¬ 
tamate levels and neuronal death through NMDAR-mediated 
excitotoxicity. PDC also induces delayed glutathione depletion, ROS 
production, and oxidative processes are involved in the death of 
astrocytes and dopamine neurons while non-dopamine neurons are 
less affected. Moreover, PDC-induced oxidative stress potentiates 
NMDA toxicity in dopamine neurons only. Finally, the PDC-induced 
death of dopamine neurons was found to be direct, being protected by 
cysteine, while that of non-dopamine neurons was found to be sec¬ 
ondary to astrocyte demise, astrocytes and non-dopamine neurons 
being protected by cystine. Altogether, these results suggest that PDC 
selectively renders neurons more vulnerable to NMDAR-dependent 
excitotoxicity through different mechanisms depending on the neu¬ 
ronal phenotype. As glutamate does not mimic the PDC effect, the 
way glia exacerbates NMDAR-dependent excitotoxicity remain to be 
determined. 

Effects of gliotoxic amino acids on antioxidant 
defence mechanisms in astrocytes 

Sarah Kandil, Lorraine Brennan, and Gethin J. McBean 

UCD School of Biomolecular and Biomedical Science, UCD 
Conway Institute, University College Dublin, Belfield, Dublin 4, 
Ireland 

The gliotoxins are a group of glutamate analogues that are toxic to 
astrocytes. Examples include L-a-aminoadipate (L-aAA), L-serine-O- 


sulphate and /WV-oxalylamino-L-alanine (l-BOAA). Gliotoxins are 
either inhibitors and/or substrates the high-affinity glutamate trans¬ 
porters and the system xjT exchanger. 

Pre-incubation of C6 glioma cells with a sub-toxic concentration 
of T.-o'-ami noadipate or L-serine-O-sulphate (400 pM for 20 h), fol¬ 
lowed by addition of 1 mM 13 C-glycine, caused a significant increase 
in 13 C-labelled glutathione. In primary astrocyte cultures, L-serine-O- 
sulphate caused a significant reduction in de novo synthesis of 
labelled glutathione from 13 C-glycine after 4 h. 

In contrast, incubation of C6 glioma cells with l-BOAA or L- 
o:AA (400 |iM), decreased the glutathione concentration after 24 h, 
as determined by fluorimetric analysis. Both gliotoxins caused a 
comparable reduction in intracellular cysteine, with no loss in cell 
viability. Addition of //-acetylcysteine (400 pM) abolished the 
reduction in GSH by l-BOAA, but not L-aAA. Co-incubation of 
C6 cells with l-BOAA and 1 mM propargyl glycine, an inhibitor 
of cystathionine-y-lyase, potentiated the reduction in GSH caused 
by l-BOAA. Pre-incubation of C6 glioma cells with l-BOAA or l- 
aAA caused a significant increase in expression of cystathionine-y- 
lyase. 

It is concluded that these gliotoxins cause a reduction in GSH in 
C6 glioma cells due to loss of intracellular cysteine and inhibition of 
GSH synthesis via the y-glutamyl cycle. However, prolonged incu¬ 
bation of the cells in the presence of gliotoxin leads to an up- 
regulation of the trans-sulphuration pathway, leading to an augmen¬ 
tation in de novo synthesis of the antioxidant. 

Microglial self defence mediated through GLT-1 
and glutathione 

Mikael Persson and Lars Ronnback 

Institute of Neuroscience and Physiology, The Sahlgrenska 
Academy at Gothenburg University, Gothenburg, Sweden 

Microglia are considered as the immunocompetent cells of the 
central nervous system (CNS). Being the first line of defence, they 
have prominent roles in monitoring the CNS homeostasis and can 
rapidly and specifically react to any disturbances or pathological 
stimuli. As such, it is of importance that microglia are able to 
survive during the harsh conditions of a pathological event, often 
leading to high concentrations of free glutamate and oxidative 
species. Microglia are able to express Na + -dependent high affinity 
glutamate transporters under pathological conditions. We have 
shown that the neuroinflammatory cytokine TNF-alpha can induce 
GLT-1 expression in microglia and increase the activity of the X^- 
system, leading to functional uptake of glutamate and better con¬ 
ditions for synthesis of glutathione, a major antioxidant. Using 3 H- 
glutamate, we have shown that microglial glutamate uptake is 
directly coupled to increased synthesis of glutathione as well as for 
fuelling the intracellular glutamate stores to provide uptake of 
cystine for incorporation into glutathione. Increased levels of glu¬ 
tathione can provide microglia with a self defence against reactive 
oxidative species. Being antiviral, glutathione also provides 
microglia with a defence against viral infections. In response to 
herpes simplex virus infections, microglia release TNF-alpha and 
up-regulate their GLT-1 expression in order to provide means for 
increased glutathione synthesis and thus an increased viral resis¬ 
tance compared to astrocytes or neurons. In summary, our results 
show that microglial glutamate uptake through GLT-1 is coupled to 
glutathione synthesis and increased resistance to oxidative stress 
and viral infections. 
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Neurotrophins differently regulate glutamate 
transport in macrophages and astrocytes 

Boubekeur Samah 1 , Fabrice Porcheray 2 , Philippe Horellou 3 , 

Aloi'se Mabondzo 4 , Pascal Clayette 5 , and Gabriel Gras 1 

'Division of Immuno-Virology, UMR E-01 CEA and Universite 
Paris-Sud, DSV/iMETI/SIV, Fontenay aux Roses, France 
transplantation Biology Research Centre, Massachusetts 
General Hospital, Boston, USA 

3 INSERM U802, Universite Paris-Sud, Le Kremlin Bicetre, 

4 Division of Pharmacology and Immuno-analysis, CEA, DSV/ 
IBITEC-S/SPI, Saclay, France 5 SPI-BIO, CEA, Fontenay aux 
Roses, France 

Glutamate and related compounds may act as excitotoxins and 
participate in neuronal damage in a variety of neurological disor¬ 
ders. Neurotrophins are involved in CNS development, and are 
now recognized for their actions in mature CNS and pathology, 
including interferences with glutamate signalling. Indeed, recent 
studies showed that neurotrophins protect neurons against gluta¬ 
mate excitotoxicity. On the other hand in neurons, extracellular 
glutamate induces BDNF expression. Likewise, neurotrophin sig¬ 
nalling and inflammation may influence each other, as suggested by 
the expression of NGF in activated perivascular macrophages in 
HIV encephalitis. Astrocytes are key cells in glutamate homeo¬ 
stasis, a function that macrophages and microglia also support 
under inflammatory conditions, where astrocyte function is dis¬ 
turbed. We therefore evaluated in vitro the effects of neurotrophins 
on glutamate metabolism in human macrophages, embryonic and 
adult astrocytes. 

Our results revealed different neurotrophin response profiles 
related to cell type and development stage. Macrophages have their 
glutamate clearance capacity decreased by one half by NT3 while 
embryonic astrocytes have their glutamate uptake capacity shortly 
(24 h) reduced by one fifth by every neurotrophins. Alternatively, 
adult astrocytes have their glutamate uptake capacity greatly 
increased by BDNF, associated with increased EAAT1 gene expres¬ 
sion. Surprisingly, both cell types have unchanged intracellular 
glutathione content under neurotrophin stimulation. These data sug¬ 
gest that BDNF expression may constitute an adaptive response to 
extracellular glutamate in adult astrocytes and therefore a potential 
way to protect against excitotoxicity in the mature brain. They also 
suggest fine regulation of GSH permitting to maintain constant levels 
despite regulated glutamate uptake by EAAT. 

Cooperative action of EAATs and system x“ 
in maintenance of antioxidant defenses 

Jan Lewerenz 

Department of Neurology, University Medical Center 
Hamburg-Eppendorf, Hamburg, Germany 

Oxidative stress plays a role in various neurodegenerative diseases. 
One of the major small molecule antioxidants in the brain is the 
tripeptide glutathione. The limiting amino acid for glutathione syn¬ 
thesis is cysteine, which can either imported into cells as cysteine or 
its reduced form, cystine. The major transporter for cystine is the 
cystine/glutamate antiporter system xj. It consists of the specific 
subunit, xCT, and a heavy chain, 4F2hc. Cystine import via system xj 
is inevitably coupled to glutamate release from cells in a 1:1 ratio. 
Furthermore, glutamate is competes with cystine uptake via system 
x“. Intracellular glutamate concentrations are considerably higher 


that extracellular glutamate. This gradient provides the energy for 
cystine uptake via system x~. 

In the brain, extracellular glutamate levels are kept low by high- 
affinity excitatory amino acid transporters (EAATs). Thereby, EAATs 
might reduce the inhibitory effect of extracellular glutamate on cystine 
uptake. Furthermore, EAATs refuel the intracellular glutamate pools. 
Thus, these indirect effects are the proposed mechanisms by which 
EAATs support cystine uptake via system xj and glutathione synthesis. 

Furthermore, the cooperative action of EAATs and system x“ 
might not only necessary for optimal x~ function but also might 
prevent deleterious consequences of an upregulated system x~ 
activity with subsequent risk of excitotoxicity by increased glutamate 
release. Thus, compounds that induce both xCT and EAATs might be 
powerful neuroprotectives. Ceftriaxone, a beta-lactam antibiotic, 
which has recently been identified as an inducer of EAAT2, also 
induces system x~ in neuronal cells, motomeurons and astrocytes. 

The glutamate/cystine antiporter system x“: more 
than a mere supplier of cysteine for glutathione 
and protein synthesis 

Marcus Conrad 

Helmholtz Zentrum Miinchen, Munich, Germany 

Burkin’ s lymphoma (BL) cells are highly sensitive towards oxidative 
stress and rapidly undergo cell death when cultured at low cell den¬ 
sities. The underlying mechanism is impaired uptake capacity for L- 
cystine, the oxidised and predominant form of L-cysteine in the 
extracellular space. L-cysteine is the substrate-limiting step in gluta¬ 
thione (GSFI) synthesis. Starting to dissect the cross-talk and 
redundancy between major redox systems, we stably expressed xCT 
light chain of the glutamate/cystine antiporter in BL cells. Over¬ 
expressing BL cells became highly resistant to oxidative stress and 
GSH depletion. Contrary to our expectations, GSH levels were not 
altered in overexpressing versus control cells. By contrast, xCT 
overexpressing cells displayed increased intracellular and strongly 
boosted extracellular cysteine levels, which efficiently prevented cell 
death induced by oxidative stress. Our findings establish that system 
x“ sustains the cystine/cysteine redox cycle, which acts indepen¬ 
dently of intracellular GSH concentrations. Results from studies 
involving xCT overexpression in GSH-deficient cells and xCT gain of 
function studies in the mouse will be discussed. 


Glutamate/cystine antiporter system x“ 
in regulating pigment biogenesis, cell proliferation 
and invasion, neuronal function 

Yan Li, Ri-Sheng Chen, Hai-Xuan Qiao, and Wei Li 

Institute of Genetics and Developmental Biology, Chinese 
Academy of Sciences, Beijing, China 

System x“ is an anionic amino acid transport system highly specific 
for cystine and glutamate. This antiporter is composed of two protein 
subunits, xCT and 4F2 heavy chain. xCT mediates the transport 
activity in the plasma membrane and regulates intracellular GSH 
levels. Most studies have been focused on the role of xCT in regu¬ 
lating cell proliferation through ROS signaling. We have previously 
identified an xCT null mutation in subtle gray (sut) mouse which 
reduces greatly the pheomelanin levels in cultured melanocytes and 
hairs of sut mice due to inefficient incorporation of cysteine into 
cysteinyldopa, a precursor of pheomelanin. We further characterized 
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that cultured cells from sut mice grew very poorly without supple¬ 
ment of beta-mercaptoethanol (BME) in the medium. Our results 
show that ROS is elevated in cultured sut melanocytes. Death of 
cultured sut cells is likely caused by apoptosis through JNK activa¬ 
tion. Furthermore, suppression of xCT activity by sulfasalazine 
(SASP) inhibits the cell proliferation and clone formation of a human 
esophageal squamous cell carcinoma cell line (KYSE150). SASP 
significantly inhibited both cell invasion of KYSE150 in vitro and its 
experimental metastasis in nude mice. Further study revealed that the 
upregulation of caveolin-1 and inhibition of tumor cell invasion by 
xCT disruption (SASP or siRNA) were mediated by ROS-induced 
p38 MAPK activation. These results first established the dual role of 
xCT in carcinogenesis and cancer metastasis. Interestingly, xCT is 
defined as an entry receptor for HHV-8, a causative virus for Kaposi 
sarcoma (KS). It is postulated that xCT may have a dual role in the 
formation of KS by involving both virus infection and oncogenesis. 
Finally, we will discuss possible roles of xCT in regulating oxidative 
stress and basal level of glutamate in sut neuronal cells which may 
lead to abnormal behaviors in sut mice. 


Glycoproteomics 

GlycoHepatoTest: discovery, validation and 
translation to the clinical laboratory setting 

Dieter Vanderschaeghe 1 ' 2 , Chitty Chen 1 ’ 3 , and Nico Callewaert 1,4 

'Unit for Molecular Glycobiology, Department for Molecular 
Biomedical Research, VIB, Ghent, Belgium 
department of Clinical Chemistry, Ghent University, Ghent, 
Belgium 

department of Biomedical Molecular Biology, Ghent 
University, Ghent, Belgium 

department of Biochemistry and Microbiology, Ghent 
University, Ghent, Belgium 

Chronic liver disease is currently assessed by liver biopsy, a costly 
and rather cumbersome procedure that is unsuitable for patient 
monitoring. Therefore, non-invasive markers are needed that could be 
frequently used to follow up the fibrosis progression, detect cirrhosis 
at an early (clinically compensated) stage and detect hepatocellular 
carcinoma in cirrhosis patients. 

We have investigated whether the profiling of the /V-glycan 
mixture derived from total serum protein can be used for these 
purposes (GlycoHepatoTest). To allow for relevant clinical diag¬ 
nostic studies on several hundred samples and clinical 
implementation, we have optimized the sample preparation method 
to only require a PCR thermocycler and a capillary DNA-sequen- 
cer. The protocol only involves pipetting and incubation steps and 
is completed in less than 1 h. Present efforts are directed at 
implementing the analysis on low-cost electrophoretic analyzers to 
further ease clinical use. In three multicenter clinical trials, Gly¬ 
coHepatoTest was benchmarked against current clinical practice 
(histological scoring of biopsy) and existing serum biomarkers for 
liver disease. For liver fibrosis monitoring, GlycoFibroTest 
increases gradually with METAVIR fibrosis stage from FI 
onwards. For the diagnosis of early-stage liver cirrhosis, Glyco- 
CirrhoTest together with HA or Fibrotest allows to diagnose about 
60% of the patients with >95% specificity, which was previously 
impossible. This allows to enlist these patients for more intense 
HCC screening. For patients with advanced liver cirrhosis, Gly- 
coHCCTest together with AFP allows almost double sensitivity 


than AFP alone, while maintaining >90% specificity. Moreover, the 
GlycoHCCTests score increases with more advanced tumor stage. 

Pharmacological significance of the glycosylation 
of immunoglobulins 

Friedrich Altmann 

University of Natural Resources and Applied Life Sciences 
Vienna (BOKU), Vienna, Austria 

Examples of the influence of the structure of carbohydrate units 
attached to immunoglobulin on its pharmacological efficacy will be 
presented. The best known case is the substantial enhancement of 
antibody-dependent cellular cytotoxicity (ADCC) by non-fucosylated 
antibodies. While over 90% of natural IgG V-glycans bear a fucose 
residue, the interaction of Fc-gamma receptors with non-fucosylated 
antibody displays a much higher affinity. The higher ADCC, how¬ 
ever, is apparently obtained at the expense of some reduction of the 
complement dependent cytotoxicity (CDC). CDC in turn may also be 
influenced by galactosylation. Given the important role of ADCC for 
tumor cell killing there is great interest in approaches for the pro¬ 
duction of non-fucosylated recombinant antibodies. Alternatively, a 
similar effect on ADCC may be achieved by amino acid substitutions 
in the Fc-domains. A recent paper even claims that changes in protein 
sequence can compensate for the virtual loss of Fc-effector functions 
associated with non-glycosylation of the Fc-region. 

Smaller points are the lowering of IgG serum half-life by oligo- 
mannosidic iV-glycans and the severe side effects of alfa-galactosylated 
glycans, which are found on antibodies produced in mouse cell lines. 

Finally, the recent association of antibody sialylation with the anti¬ 
inflammatory effect of high intravenous doses of IgG will be 
discussed. 


Glycoproteomics of human milk: an antimicrobial 
defense mechanism? 

Daniel Kolarich, Pia Hpnnerup-Jensen, and Nicolle H. Packer 

Department of Chemistry and Biomolecular Sciences, Macquarie 
University, Sydney, Australia 

Human milk contains a highly potent mixture of protective agents 
such as free sugars, antibodies and anti-microbial proteins constitut¬ 
ing an innate immune system, whereby the mother protects her infant 
from enteric and other diseases. Human milk free sugars have been 
reported to inhibit microbial pathogenesis in various in vivo, ex vivo 
and in vitro experimental systems however the changes which occur 
to specific sugar structures attached to glycoproteins in milk over the 
course of lactation have not been investigated. 

Glycoproteins are contained in the soluble fraction of milk as well 
as in the milk fat globule membrane (MFGM) 1 which surrounds and 
solubilises the lipid. The oligosaccharide structures expressed on 
these proteins were found to be blood group independent of the 
individual, so that it is possible that the protection offered by these 
sugars in milk is common to all women. The N- and O-linked glycan 
phenotype, both of the total glycoprotein complement as well as of 
specific glycoproteins, of milk from five different individuals during 
the course of infant breastfeeding will be presented. The structures of 
those protein-attached glycans which are recognized by human gut 
pathogens will be described. These oligosaccharide moieties present 
on the milk glycoproteins, with homology to epithelial mucus cell 
surface pathogen receptors in the stomach and intestine, may inhibit 
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infection by competitively binding with the pathogens and clearing 
them from the infant gut. This knowledge offers the opportunity to 
design glycoconjugates that may be added to infant milk formula to 
help protect infants from endemic pathogens. 

Homocysteine versus hydrogen sulfide 
A production of hydrogen sulfide and its release 
in the brain 

Hideo Kimura 

National Institute of Neuroscience, National Center of Neurology 
and Physichiatry, Kodaira,Tokyo, Japan 

Hydrogen sulfide (H 2 S) is a synaptic modulator as well as a neuro¬ 
protectant. Currently, pyridoxal-5'-phosphate (PLP)-dependent 
cystathionine /J-synthase (CBS) is thought to be the major H 2 S pro¬ 
ducing enzyme in the brain. We recently found that brain homogenates 
of CBS knockout mice even in the absence of PLP produce H 2 S at 
levels similar to those of the wild-type mice, suggesting the presence of 
another H 2 S producing enzyme. 3-Mercaptopyruvate sulfurtransferase 
(3MST) in combination with cysteine aminotransferase (CAT) pro¬ 
duces H 2 S from cysteine. In addition, 3MST is localized to neurons and 
the levels of bound sulfane sulfur are greatly increased in the cells 
expressing 3MST and CAT but not increased in cells expressing 
functionally defective mutant enzymes. Bound salfane sulfur releases 
H 2 S in neurons and astrocytes in the presence of physiological con¬ 
centrations of endogenous reducing substances glutathione and 
cysteine. Alkalinization of the cytoplasm is required for effective 
release of H 2 S from bound sulfane sulfur, and this condition is achieved 
in astrocytes by high concentrations of extracellular K + that are nor¬ 
mally present when nearby neurons are excited. These data present a 
new perspective on H 2 S production, storage and release in the brain. 


Homocystine causes mitophagy; protection 
by hydrogen sulfide 

Neetu Tyagi and Suresh C. Tyagi 

Department of Physiology and Biophysics, School of Medicine, 
University of Louisville, Louisville, KY, USA 

Hyperhomocysteinemia (HHcy) is frequently observed in chronic 
heart failure (CHF) resulting in oxidative stress, interstitial and per¬ 
ivascular fibrosis that increases the propensity for mitochondrial 
mitophagy. Hey is metabolized in the body to produce an endogenous 
gaseous substance, hydrogen sulfide (H 2 S). The potential role of H 2 S 
in mitophagy remains untouched. Therefore we hypothesized that the 
HHcy increased calcium overload, in part closing Katp channels, 
oxidative molecule, martix protein and mitochondria dysfunction in 
myocardial infarction mice heart. Wildtype (WT), WT + myocardial 
infarction(MI),WT + NaHS (NaHS is a H 2 S donor, 30 pmole/L in 
drinking water) and MI + NaHS mice were used. The mitochondria 
were isolated from heart tissue and analyzed for Hcy-induced mito¬ 
chondria damage, function and the cardioprotective role of this 
gaseous substance. The results suggested that levels of mitochondrial 
Hey increased and H 2 S decreased in post MI. Levels of CBS, CSE 
and MTHFR were decreased. SAHH level was increased. Mitophagy 
markers, LC-3 and p62, levels revealed mitochondrial mitophagy in 
MI hearts. The H 2 S mitigated this mitophagy. The MMP-2, -9, TIMP- 
2 and 3 expression were increased in MI hearts. There was a dis¬ 
ruption of mtCxn43 and mtTJP in MI hearts. Mitochondrial 
membrane potential was high, oxygen consumption was low, and the 


levels of ATP were decreased in MI hearts. In vivo echocardiography, 
pressure volume loop data, barium contrast X-ray angiography 
revealed increase in collateral flow in MI hearts after H 2 S treatment. 
The findings of this study may open new avenues for future investi¬ 
gations of therapeutic potential of this novel gaseous substance in 
HHcy associated mitophagy. 


Metalloproteins 

Transition metal homeostasis in bacteria as a flow 
equilibrium of uptake and efflux processes 

Dietrich H. Nies 

Molecular Microbiology, Institute for Microbiology, 
Martin-Luther-University Halle-Wittenberg, Halle, Germany, 
d.nies @mikrobiologie.uni-halle.de 

To understand bacterial heavy metal resistance, the function of several 
groups of different metal efflux systems and their physiological 
interplay was analyzed in Escherichia coli and the metal-resistant 
bacterium Cupriavidus (Wautersia, Ralstonia, Alcaligenes) metalli- 
durans. RND (resistance, nodulation, cell division) systems form a 
first line of defense. Evidence from several RND systems indicates that 
RND systems in vivo protect the periplasm against superfluous heavy 
metal cations. CDF (cation diffusion facilitators) and P-type ATPases 
transport toxic metals from the cytoplasm across the cytoplasmic 
membrane, forwarding them to the RND systems. Contribution of at 
least one of the two the chromosomal Zn/Cd-exporting CPx-type 
ATPases of C. metallidurans is essential for full cadmium resistance, 
but not for full zinc resistance. Three groups of CDF proteins can be 
differentiated. Each group contains transporters with a broad substrate 
specificity, which is respectively centered around the central substrates 
Fe(II), Zn(II) or Co(II). The function of CDF proteins is essential to 
obtain cobalt resistance in C. metallidurans , which demonstrates that 
RND proteins are unable to detoxify substrates from the cytoplasm, 
but gather them in the periplasm instead. The contribution of the 
RpoE-sigmulon to metal homeostasis in E. coli demonstrates the 
importance of this cellular compartment for metal resistance. 

Structure-function relationships of hydrogenases 

Juan C. Fontecilla-Camps 

Laboratoire de Cristallographie et Cristallogenese des Proteines, 
Institut de Biologie Structurale J.P.Ebel, CEA, CNRS, Universite 
Joseph Fourier, Grenoble, France 

Hydrogenases are enzymes present in many micro-organisms where 
they catalyze the oxidation of molecular hydrogen or the reduction of 
protons. The three known types of hydrogen-metabolizing enzymes are 
[NiFe]-, [FeFe]- and [Fe]-hydrogenases. They share a Fe(CO) x unit in 
their active sites that is most likely involved in hydride binding. 
Because of their complexity, hydrogenases require a maturation 
machinery that involves several gene products. Depending on the 
enzyme, they include metal ion transport, synthesis of CN _ (and maybe 
CO), formation and insertion of a FeC0(CN _ ) 2 , Fe 2 (CO) 2 (CN“) 2 or 
Fe(CO) 2 unit in the apo form, synthesis of a small dithiolate-containing 
molecule (FeFe-hydrogenase) or insertion of nickel and proteolytic 
cleavage of a C-terminal stretch (NiFe-hydrogenase). Because the 
active sites of NiFe- and FeFe-hydrogenases are buried in the structure, 
electron and proton transfers are required between their sites and the 
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molecular surface. The former is mediated by either three or one Fe/S 
cluster, depending on the enzyme. Proton transfer pathways have been 
postulated based on both the structural analyses and theoretical cal¬ 
culations. Most hydrogenases are inactivated when exposed to 
oxidizing conditions, such as the presence of 0 2 . Understanding this 
process is of bio-technological interest for the H 2 production by pho¬ 
tosynthetic organisms and the design of bio-fuel cells. 

Hijacking transferrin bound iron: the roles 
of TbpA/B, FbpA and an exogenous anion 
in moving iron to the cytosol 

A. L. Crumbliss 1 , C. N. Comelissen 2 , M. C. Fitzgerald 1 , 

J. J. Heymann 1 , T. A. Mietzner 3 , C. J. Parker Siburt 1 , 
and K. D. Weaver 1 

'Department of Chemistry, Duke University, Durham, 

NC 27708-0346, USA, alvin.crumhliss@duke.edu 
department of Microbiology and Immunology, Virginia 
Commonwealth University, Richmond, VA, USA 
3 University of Pittsburg School of Medicine, Department of 
Molecular Genetics and Biochemistry, Pittsburg, PA 15261, USA 

Ferric binding protein A is the central component of a highly 
conserved, three protein ABC-transporter (FbpABC). FbpA seques¬ 
ters free Fe 3+ from the outer membrane receptor (TbpA/TbpB), 
which hijacks Fe from transferrin docked at the outer membrane, 
and, transports iron across the periplasm to the cytoplasmic mem¬ 
brane receptor (FbpB/C). This system is highly conserved in the 
obligate human pathogens Haemophilus influenzae. Neisseria gon- 
orrhoeae, and Neisseria meningitidis, where the essential Fe nutrient 
is bound to human serum transferrin. The pathogenicity of each 
these bacteria is directly related to the efficiency of the Fe acqui¬ 
sition process and consequently a detailed understanding of the 
mechanism is of interest. 

We will present biophysical and microbiological data relevant to 
the mechanism whereby Fe is tightly sequestered at the inner face of 
the outer membrane receptor TbpA/B and transported in the presence 
of an exogenous anion across the periplasm to the cytoplasmic 
membrane receptor FbpB/C. We will present kinetic and thermody¬ 
namic data to suggest that the exogenous anion plays a key role in 
both the iron sequestration and release processes, and further that 
FbpA may be viewed as an Fe-anion-complex transporter, rather than 
an Fe transporter. Site directed mutagenesis will be used in con¬ 
junction with variations in exogenous anions to elucidate the stepwise 
processes involved in Fe sequestration. A redox hypothesis will be 
presented for the initial step in the release of Fe 2+ at the cytoplasmic 
membrane receptor. 

Heme fishing by hemophore HasA and transport 
by the outer membrane receptor, HasR 

Nadia Izadi-Pruneyre 

Departement de Biologie Structurale et de Chimie, Unite de 
Resonance Magnetique Nucleaire des Biomolecules, Institut 
Pasteur, CNRS URA 2185, Paris, France 

Iron, an essential nutrient for many metabolic pathways, is mostly 
insoluble or tightly sequestered by iron or heme binding proteins. To 
satisfy their need on iron, several Gram-negative bacteria use a heme 
uptake system involving an extracellular heme-binding protein HasA, 
also called hemophore. The function of hemophore is to acquire free 
or hemoprotein-bound heme and to deliver it to a specific outer 


membrane receptor, HasR. The heme transport through the receptor is 
an active process driven by the proton motive force. 

HasR of Serratia marcescens belongs to the TonB class dependent 
outer membrane transporters. All the receptors of this family need the 
energy driven by an inner membrane complex composed of TonB- 
ExbB-ExbD to internalise their substrate. In this system, a specific 
TonB like protein, HasB, is dedicated to HasR. 

To unravel the mechanism of this active transport by a specific 
transporter we studied the structure and the molecular interactions of 
proteins involved in different steps from the substrate recognition to 
the heme internalisation. 


Membrane ferrisiderophore trafficking in bacteria: 
metal and ligand specificities 

I. J. Schalk 

CNRS-Universite de Strasbourg, ESBS, Bid Sebactien Brant, 
Illkirch-Strasbourg, France, isabelel.schalk@unistra.fr 

Most bacteria meet their iron requirements by producing and secreting 
low-molecular mass iron-binding compounds called siderophores. 
Siderophores provide the cell with iron by solubilizing the ferric ion. 
The uptake of ferric-siderophores into Gram-negative bacteria involves 
specific outer membrane transporters and ABC transporters for 
respectively the translocation across the outer and the inner membrane. 

To acquire iron, Pseudomonas aeruginosa secretes two major 
fluorescent siderophore, pyoverdine and pyochelin, and they specific 
outer membrane transporters, FpvA and FptA respectively. We took 
advantage of the fluorescence properties of these siderophores to 
investigate the siderophore and metal specificities of these two iron 
uptake pathways. Our findings indicate that siderophores are able to 
chelate many other metals in addition to iron. At the cell surface, a broad 
metal specificity was shown for FpvA and FptA at the binding stage, and 
a strong metal selective for the uptake process. Apparently, it is the 
mechanism of ferrisiderophore translocation across the outer mem¬ 
brane which drives the metal selectivity for this iron uptake pathways. 

The fluorescent properties of pyoverdine allowed us to follow as 
well the fate of this siderophore after its uptake across the outer 
membrane. An iron reduction is required for the dissociation of py- 
overdine-Fe and this dissociation occurs in the periplasm. Pyoverdine 
is not modified but recycled to the medium, still competent for iron 
chelation and transport. 

The different data obtained will be used to discuss possible 
transport mechanisms and to highlight relevant features of membrane 
iron trafficking in Gram negative bacteria. 


Structure and dynamics of HasB, a specific TonB 
like protein, and its interaction with HasR, 
a heme/hemophore transporter 

Gisele Amorim, Ada Prochnicka-Chalufour, Julien Lefevre, 
Catherine Simenel, Philippe Delepelaire, Muriel Delepierre, 
and Nadia Izadi-Pruneyre 

Departement de Biologie Structurale et de Chimie, Unite de 
Resonance Magnetique Nucleaire des Biomolecules, Institut 
Pasteur, CNRS URA 2185, Paris, France 

Iron, an essential nutrient for many metabolic pathways, is mostly 
insoluble or tightly bound to iron or to heme binding proteins. To 
satisfy their need for iron, several Gram-negative bacteria use a heme 
uptake system involving an extracellular protein HasA, also called 
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hemophore. The function of hemophore is to acquire free or hemo- 
protein-bound heme and to deliver it to a specific outer membrane 
receptor, HasR. The heme transport through the receptor is an active 
process driven by the proton motive force. 

HasR of Serratia marcescens belongs to the class of TonB 
dependent transporters (TBDT). All the receptors of this family need 
the energy generated by an inner membrane complex composed of 
TonB-ExbB-ExbD to internalise their substrates, like heme, vitamin 
B12, iron siderophore etc. The known 3D structures of two com¬ 
plexes of TBDT with the periplasmic domain of TonB show that the 
TonB box, a conserved N-terminal region in the transporters, is 
critical for this interaction. Serratia marcescens possesses two 
TonB-like proteins. One of them, HasB, is specifically dedicated to 
HasR. 

In this work, we present the structural and dynamical properties of 
the periplasmic domain of HasB (131 residues) studied by hetero- 
nuclear NMR. The structure of HasB presents significant differences 
when compared to that of TonB. The interaction of HasB with the 
HasR TonB box has also been investigated. The interface region of 
the complex has been identified. The experiments for the structure 
determination and the dynamics characterization of the complex are 
presently underway. The first results show an extensive change in the 
HasB structure upon binding. These results will allow to better 
understand the functional differences between TonB and HasB and 
the specificity of HasB to HasR. 

Mitochondrial carriers involved 
in amino acid transport 

Mitochondrial transporters for aspartate 
and glutamate and related diseases 

Ferdinando Palmieri 

Department of Pharmaco-Biology, University of Bari, Bari, Italy 

The inner membranes of mitochondria contain a large family of 
nuclear-coded proteins that transport a variety of metabolites, 
nucleotides and coenzymes across the membranes. In man there are 
48 mitochondrial transporters (encoded by the SLC25 genes); about 
half have been characterized biochemically. Examples are the 
glutamate carrier and the aspartate/glutamate carrier. In man, both 
these carriers have two isoforms (GC1/GC2 and AGC1/AGC2, 
respectively). AGC1 and AGC2 transport L-aspartate, L-glutamate 
and L-cysteinesulphinate by an obligatory 1:1 exchange; GC1 and 
GC2 transport only L-glutamate in co-transport with H + or in 
exchange for OH - . The activity of AGC1 and AGC2 is stimulated 
by Ca acting on the external side of the inner mitochondrial 
membrane, and this activation results in increased oxidative 
metabolism and greater ATP formation in the mitochondrion. AGC 
is essential for the malate-aspartate cycle and for supplying 
aspartate from mitochondria to cytosol. GC plays an important role 
in amino acid degradation and specific cell functions such as 
ureogenesis. Until now, three autosomal recessive diseases have 
been found to be caused by defects in one of the AGC or GC 
isoforms. Type II citmllinemia is due to mutations in SLC25A13 
coding AGC2. Alterations in SLC25A12 coding the neuron/muscle- 
specific isoform AGC1 are responsible for global cerebral hypo- 
myelination. Finally, neonatal epileptic encephalopathy with 
suppression bursts is caused by mutations in SLC25A22 coding 
GC1. 


The mitochondrial ornithine carrier and the HHH 
syndrome 

Giuseppe Fiermonte 

Department of Pharmaco-Biology, Laboratory of Biochemistry 
and Molecular Biology, University of Bari, Bari, Italy 

The mitochondrial ornithine carrier has two isoforms in man (ORC1 
and ORC2) encoded by two different genes SLC25A15 and 
SLC25A2, respectively. Even though both isoforms catalyze the 
transport of ornithine, lysine, arginine and citrulline, they differ in 
many respects, such as substrate specificity, kinetic parameters, tissue 
distribution and expression levels. 

The ORC fulfils the important function of exchanging cytosolic 
ornithine and intramitochondrial citrulline, and is therefore an 
essential component of the urea cycle. This conclusion is strength¬ 
ened by the demonstration that the SLC25A15 gene coding ORC1 is 
altered in patients affected by the hyperornithinemia-hyperammo- 
nemia-homocitrullinuria (HHH) syndrome, an autosomal recessive 
disorder characterized by growth retardation, periods of lethargy, 
ataxia, myoclonic seizures and episodes of coma due to hyperam¬ 
monemia. The co-expression of ORC2 and ORC1 in liver may 
explain the mild phenotype characteristic of HHH patients, as 
compared to that caused by defects in any of the other urea cycle 
enzymes. 

As well as in ureogenesis, ORC1 and ORC2 may play a role in 
cell metabolism under various physiological conditions. For 
instance the net import of lysine, arginine and histidine into the 
mitochondria is necessary for the synthesis of intramitochondrially- 
translated proteins, whereas the efflux of ornithine from the mito¬ 
chondria may occur in other metabolic processes, such as the 
biosynthesis of polyamines that are produced from ornithine in the 
cytosol. 


The transport mechanism of mitochondrial carriers 
based on analysis of symmetry 

Edmund R. S. Kunji and Alan J. Robinson 

The Medical Research Council, Dunn Human Nutrition Unit, 

Hills Road, Cambridge, United Kingdom 

The structures of mitochondrial transporters and uncoupling pro¬ 
teins are threefold pseudo-symmetrical, but their substrates and 
coupling ions are not. Thus, deviations from symmetry are to be 
expected in the substrate and ion binding sites in the central 
aqueous cavity. By analyzing the threefold pseudo-symmetrical 
repeats from which their sequences are made, conserved asym¬ 
metric residues were found to cluster in a region of the central 
cavity identified previously as the substrate binding site. In con¬ 
trast, conserved symmetrical residues required for the transport 
mechanism were found at the water-membrane interfaces. Three 
PX[DE]XX[RK] motifs form a salt bridge network on the matrix 
side of the cavity, when the substrate binding site is open to the 
mitochondrial intermembrane space. Three [FY] [DE]XX[RK] 
motifs are present on the cytoplasmic side of the cavity and could 
form a salt bridge network when the substrate binding site is 
accessible from the mitochondrial matrix. It is proposed that the 
opening and closing of the carrier could be coupled to the dis¬ 
ruption and formation of the two salt bridge networks induced by 
substrate binding. The interaction energies of the networks allow 
members of the transporter family to be classified as strict 
exchangers or uniporters. 
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Neurobiology I: nanoneuroscience 
and neural, glial and axonal protein 
expression in CNS injury and repair 

Carbon nanotubes inhibit depolarization-dependent 
intracellular Ca 2+ load and endocytosis in neurons 

Vladimir Parpura 

Department of Neurobiology, Center for Glial Biology in 
Medicine, Atomic Force Microscopy and Nanotechnology 
Laboratories, Civitan International Research Center, 

Evelyn F. McKnight Brain Institute, University of Alabama, 
Birmingham, AL, USA 

The numerous electrical, mechanical and chemical properties that 
carbon nanotubes (CNTs) possess make them an intriguing material 
with great promise for application in neuroscience. When water 
soluble single-walled CNTs (wsSWNTs) were applied to the cul¬ 
ture media of hippocampal neurons grown on the permissive 
substrate polyethylene imine, they caused an alteration in growth 
and morphology of neurons, notably the extension of neurite length 
and reduced number of neurites. These wsSWNTs affected intra¬ 
cellular Ca 2+ dynamics in neurons, reducing the depolarization- 
dependent influx of Ca 2+ from extracellular space during cell 
stimulation. It has been implicated that plasma membrane/vesicular 
recycling plays a role in the rate of neurite elongation. This pro¬ 
cess of vesicular recycling can be regulated by an increase in 
intracellular Ca 2+ levels due to depolarization of neurons. Indeed, 
wsSWNTs were able to block stimulated membrane endocytosis in 
neurons. Consequently, the exocytotic incorporation of vesicles into 
the plasma membrane is not balanced by the endocytotic retrieval 
in the presence of wsSWNTs, which could effectively cause the 
increase in neurite length observed; wsSWNTs’ effect on the 
reduction of the number of neurites could be then a compensatory 
mechanism to keep the cell surface/volume relatively constant. 
These findings indicate the exciting possibility that wsSWNTs 
could be used at the local site of brain injury to enhance outgrowth 
of selected neurites, thus increasing the chance of “bridging” the 
injured site. 


Nanoparticles influence spinal cord injury induced 
glial protein expression 

Jose V Lafuente 1 , Aruna Sharma 2 , and Hari Shanker Sharma 2 

'Lab Clinical and Experimental Neurosciences (LaCEN), 
Department Neurosciences, University of Basque Country, 

Bilbao, Spain, josevicente.lafuente@ehu.es, onplasav@lg.ehu.es 
department of Surgical Sciences, Anaesthesiology and Intensive 
Care Medicine, University Hospital, Uppsala University, 

Uppsala, Sweden 

Silicon nanoparticles or silica dust is quite common form of expo¬ 
sure to soldiers engaged in gulf war that may influence their health 
and brain function. Since nanoparticles from the environment can 
easily be transported to brain via inhalation it is quite likely that 
these microfine particles will alter neuronal, glial and endothelial 


cell functions in the brain leading to neurotoxicity. Previous reports 
from our laboratory show that exposure of Ag, Cu or A1 nanopar¬ 
ticles adversely affect neuronal function following heat exposure 
indicating that nanoparticles exposure may enhance brain pathology 
following stressful conditions. Thus, it appears that traumatic inju¬ 
ries to the spinal cord may also he influenced by exposure to 
nanoparticles. 

We exposed rats to silicon nanoparticles (SiC> 2 , 40-50 nm) by 
administering them intraperitoneally for 7 days (50 mg/kg) and then 
subjected them to spinal cord injury (SCI) and examined spinal cord 
pathology. The results were compared to normal animals subjected 
to identical SCI. Rats treated with Si02 for 7 days did not show any 
significant alteration in cord pathology. However, subjection of 
these nanoparticles treated rats to SCI resulted in profound upreg- 
ulation of glial fibrillary acidic protein immunoreactivity, 
downregulation of myelin basic protein immunostaining, breakdown 
of the blood-spinal cord barrier to Evans blue and radioiodine as 
well as pronounced neuronal distortion and damage. The magnitude 
these pathological changes in nanoparticles treated animals are more 
aggravated following SCI as compared to normal rats after trauma. 
These observations suggest that exposure of nanoparticles enhances 
the sensitivity of trauma induced neural, glial and myelin damages, 
not reported earlier. It remains to be seen whether neuroprotective 
effects of various agents may also vary following SCI in nanopar¬ 
ticles treated animals, a feature currently being investigated in our 
laboratory. 

Nanodrug delivery in spinal cord injury alters 
neuronal and axonal proteins expression and 
enhances neurorepair 

Torbjom Lundstedt 1,2 , Ranjana Patnaik 3 ’ 4 , S. Patnaik 5 , 

Aruna Sharma 3 , Per Lek 1 , Elisabeth Seifert 1 , and 
Hari Shanker Sharma 3 

1 AcurePharma AB, Uppsala, Sweden 

2 Institutionen for lakemedelskemi, Avdelningen for Organisk 
farmaceutisk kemi, Uppsala University, Uppsala, Sweden 
laboratory of Cerebrovascular Research, Department of 
Surgical Sciences, Anaesthesiology and Intensive Care Medicine, 
University Hospital, Uppsala University, Uppsala, Sweden, 
Sharma@surgsci.uu.se 

department of Pharmacy, Institute of Technology, Banaras 
Hindu University, Varanasi, India 

The possibility that drugs attached to innocuous nanowires enhance 
their delivery within the spinal cord and thereby increase their ther¬ 
apeutic efficacy was examined in a rat model of spinal cord injury 
(SCI). Three compounds AP173 (SCI-1), AP713 (SCI-2) and AP364 
(SCI-5) (Acure Pharma, Sweden) were tagged with Ti02-based 
nanowires using standard procedure. Normal compounds were used 
for comparison. Spinal cord injury (SCI) was produced by making a 
longitudinal incision into the right dorsal horn of the T10-11 seg¬ 
ments under equithesin anaesthesia. The compounds either alone or 
tagged with nanowires were applied topically within 5-10 min after 
SCI. In these rats, blood-spinal cord barrier permeability, edema 
formation and cell injury were examined at 5 h. Furthermore, 
expression of c-fos and heat shock proteins (HSP 72kD) was also 
evaluated using immunohistochemistry. Topical application of nor¬ 
mal compounds in high quantity (10 pg in 20 pi) attenuated edema 
formation, cell injury and reduced BSCB to Evans blue albumin 
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(EBA) and [1311 Iodine. These beneficial effects are most pronounced 
with AP713 (SCI-2) treatment. Interestingly, when these compounds 
were administered in identical conditions after tagging with nano¬ 
wires, their beneficial effects on spinal cord pathology were further 
enhanced. The nanowired compound AP173 was also found most 
potent in attenuating c-fos, (a proto-oncogene and neuronal marker), 
myelin basic protein (MBP, an axonal protein) and heat shock protein 
(HSP, a stress protein) expression in the spinal cord after SCI. This 
effect of nanowired compound was most pronounced following SCI 
as compared to those injured animals that received normal com¬ 
pounds. Interestingly, topical administration of nanowires alone did 
not influence trauma induced spinal cord pathology or c-fos, MBP or 
HSP 72 kD expression. Taken together, our results strongly indicate 
that the nano drug-delivery enhances the therapeutic efficiency of the 
neuroprotective agents probably by attenuating cellular stress 
responses effectively. 

Nanodrug delivery alters heat shock protein 
expression in drug dependence and induces 
neuroprotection 

Syed F. Ali 1 , Ranjana Patnaik 2,3 , and Hari Shanker Sharma 1,2 

'Laboratory of Neurochemistry, Division of Neurotoxicology, 
National Centre for Toxicology Research, Food and Drug 
Administration Laboratories, Jefferson, AR, USA 
laboratory of Cerebrovascular Research, Department of 
Surgical Sciences, Anaesthesiology and Intensive Care Medicine, 
University Hospital, Uppsala University, Uppsala, Sweden 
department of Biomaterials, School of Biomedical Engineering, 
Institute of Technology, Banaras Hindu University, Varanasi, 

India 

The possibility that nanodrug delivery of an antioxidant compound 
H-290/51 will influence spontaneous morphine withdrawal symp¬ 
toms and induce neuroprotection much more effectively that the 
parent compound was examined in this investigation in a rat 
model. Daily administration of morphine (10 mg/kg, i.p.) for 
10 days resulted in dependence of rats as seen by loss of analgesic 
response. On the 11th day, no morphine administration was given. 
This resulted in profound withdrawal symptoms 24 h after mor¬ 
phine withdrawal. The magnitude and severity of these symptoms 
were increased further 48 h after withdrawal. Measurement of the 
blood-brain barrier (BBB) permeability, a measure of perturbed 
brain fluid microenvironment showed leakage of Evans blue and 
radioiodine tracers in several parts of the brain in rats showing 
withdrawal symptoms. Activation of glial cells and expression of 
heat shock protein (HSP 72 kD) was seen in several regions of the 
brain and spinal cord of these animals. On the other hand, rats 
treated with H-290/51 (50 mg/kg, p.o.) either on the first day or 
second day morphine withdrawal showed much less symptoms, 
leakage of the BBB and upregulation of GFAP or HSP expressions. 
These neuroprotective effects were much more pronounced when 
the H-290/51 was administered using nano delivery techniques. 
Taken together these observations are the first to suggest that 
nanodrug delivery significantly attenuates stress symptoms, BBB 
breakdown, GFAP and HSP expressions caused my spontaneous 
morphine withdrawal as compared to the normal compound. It 


appears that oxidative stress associated with the withdrawal 
symptoms are sufficient enough to induce breakdown of the BBB 
function and activation of astrocytes and stress protein responses. 
Nanodrug delivery of antioxidant appears to be the most effective 
treatment to achieve neuroprotection following morphine with¬ 
drawal induced neurotoxicity. Further studies are in progress to see 
whether nanodrug delivery could also effectively reduce psycho¬ 
stimulants induced brain pathology, a feature currently being 
investigated in our laboratory. 

Nanoparticles exacerbate heme oxygenase 
expression and brain pathology in heat stress. 
Neuroprotective effects of antioxidant compound 
H-290/51 

Dafin F Muresanu 1 , Ranjana Patnaik 2,3 , Aruna Sharma 2 , 

Per-Ove Sjoquist 4 , and Hari Shanker Sharma 2 

'Neurology Department, University of Cluj-Napoca, Cluj- 
Napoca, Romania 

laboratory of Cerebrovascular Research, Department of 
Surgical Sciences, Anaesthesiology and Intensive Care Medicine, 
University Hospital, Uppsala University, Uppsala, Sweden, 
Sharma@surgsci.uu.se 

department of Biomaterials, School of Biomedical Engineering, 
Institute of Technology, Banaras Hindu University, Varanasi, 

India 

department of Biosciences, Astra-Zeneca, Molndal, Sweden 

The possibility that chronic exposure of nanoparticles may exacer¬ 
bate stress reaction following hyperthermia and induce brain 
pathology was examined using upregulation of heat shock protein 
(HSP 72 kD) and hemeoxygenase-2 (HO-2) immunohistochemistry 
in the rat brain in our model. Engineered nanoparticles from Ag or 
Cu («50-60 nm) were administered (30 mg/kg, i.p.) once daily for 
1 week in young male rats and on the 8th day these animals were 
subjected to 4 h heat stress at 38°C in a BOD incubator. In these 
animals and stress reaction, blood-brain barrier (BBB) permeability 
and brain pathology were examined. Subjection of nanoparticle 
treated rats to heat stress showed exacerbation HSP expression and 
exhibited much intense upregulation of HO-2 in several parts of the 
brain showing BBB disruption to protein tracers, brain edema for¬ 
mation and brain damage as compared to normal animals following 
heat exposure. This effect of enhanced brain pathology in heat stress 
was most marked in Ag and Cu treated animals. Pretreatment with 
antioxidant compound H-290/51 either 30 or 60 min before heat 
stress did not significantly attenuate brain pathology in nanoparticle 
treated rats. Whereas, administration of nanowired-H-290/51 at 
identical periods markedly reduced HSP expression, HO-2 upregu¬ 
lation, BBB disruption, brain edema formation and brain pathology 
in nanoparticles treated heat stressed animals. These results show 
that chronic nanoparticles treatment exacerbate hyperthermia 
induced HSP and HO-2 response and enhanced brain pathology. 
These neuropathological changes were significantly attenuated by 
nanowired but not normal H-290/51 compound indicating that nano¬ 
wired drug delivery of H-290/51 is a promising approach to induce 
neuroprotection in hyperthermia induced brain pathology in nano¬ 
particles exposed animals. 
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Engineered nanoparticles from metals alter 
excitatory and inhibitory amino acid 
neurotransmitter concentrations and induce 
neuronal, glial and axonal proteins expression 
and brain pathology 

Hari Shanker Sharma 

Laboratory of Cerebrovascular Research, Anesthesiology 
and Intensive Care Medicine, University Hospital, Uppsala 
University, Uppsala, Sweden, Sharma@surgsci.uu.se 

Influence of nanoparticles on alterations in neural transmission in 
vivo situations is still unknown. It appears that depending on the 
magnitude and intensity of exposure to nanoparticles from the envi¬ 
ronment could affect neuronal transmission and eventually lead to 
neurotoxicity. This hypothesis was examined in present investigation 
using systemic administration of engineered nanoparticles from 
metals, i.e., Al, Ag and Cu (a; 50-60 nm) for 7 or 15 days on alter¬ 
ations in excitatory (glutamate and aspartate) and inhibitory (GABA 
and glycine) neurotransmitters in the rat brain in relation to neuro¬ 
toxicity. Intraperitoneal (50 mg/kg) administration of nanoparticles 
for 15 days markedly enhanced the glutamate and aspartate content in 
the cerebral cortex, hippocampus, thalamus, hypothalamus and cer¬ 
ebellum. On the other hand, a marked decrease in GABA and glycine 
content were observed in nanoparticles treated animals in these brain 
regions at this time. These effects on amino acid neurotransmission 
were most pronounced in animals treated with Ag and Cu nanopar¬ 
ticles as compared to Al treatment. However, changes in excitatory or 
inhibitory amino acid contents in the brain were less marked in ani¬ 
mals that were treated with nanoparticles for 7 days. On day 15, the 
nanoparticles treated animals avowed marked neuronal, glial and 
axonal cell injuries. This is evident from presence of many distorted 
neurons, activation of glial fibrillary acidic protein (GFAP) immu- 
noreactivity and degradation of myelin basic protein immunostaining 
in several brain areas showing disturbances in amino acid neuro¬ 
transmission. Taken together these results are the first to show that 
nanoparticles from metals are able to induce selective and specific 
increase in excitatory amino acid neurotransmitters and a significant 
decrease in inhibitory neurotransmission in several brain areas that 
appears to be instrumental in precipitating neurotoxicity. 


New perspectives in peptides- and antibodies- 
conjugated nanocarriers for brain delivery 
therapeutic purposes 

G. Tosi, B. Ruozi, A. V. Vergoni, L. Bondioli, L. Badiali, 

D. Belletti, F. Fomi, and M. A. Vandelli 

Department of Pharmaceutical Sciences, University of Modena 
and Reggio Emilia, Modena, Italy, gtosi@unimore.it 

The brain delivery of active substances is currently one of the most 
stimulating challenge due to the inability of conventional medicine to 
apply effective therapeutic strategies for the treatment of brain 
pathologies, including neurodegenerative diseases, hrain tumors and 
HIV-related dementia. 

The use of nanodevices (ND), such as liposome (Lp), nanoparti¬ 
cles (Np) and solid-lipid nanoparticles (SLNp), has a long-time 
application as drug delivery systems. 

Regarding brain delivery, it is notable that these systems, if not 
engineered, are totally unable to cross the healthy state BBB; thus, the 
role of ND surface engineering surely represents the milestone for a 


promising future application in difficult-to-treat brain pathologies. 
These ND can be modified with specific ligands or, more generally, 
substances, able to increase their ability to cross BBB by means of 
specific mechanisms, such as absorptive-mediated transcytosis or 
receptor-mediated endocytosis. It is the case of specific peptides, 
which have been conjugated with polymeric or lipidic nanodevices to 
allow a more selective drug delivery across the BBB, giving phar¬ 
macological evidences of the increase activity. 

Moreover, the use of polyclonal or monoclonal antibody (Ab) such 
as anti-transferrin Ab, surely represents another interesting and effi¬ 
cacious approach, due to the high selectivity of the recognition- 
reaction with the proper antigen or antibodies; thus nanodevices has 
been modified with specific antibodies in order to make use of 
receptor-mediated passages of engineered carriers, thus able to enter 
the brain and carry drugs in the final correct site of action. 

Neurophysiology of inhibitory 
and excitatory amino acid receptors 

Synaptic and extrasynaptic basis for the generation 
of early network oscillations in the developing cortex 

C. Allene, A. Cattani, J.B. Ackman, P. Bonifazi, L. Aniksztejn, 

Y. Ben-Ari, and R. Cossart 

INMED, INSERM U901; Universite de la Mediterranee, Parc 
Scientifique de Luminy, Marseille, France 

Spontaneous correlated neuronal activity clearly represents the hall¬ 
mark of the developing brain since it has been observed in a wide range 
of peripheral and central structures. In developing cortical structures, 
several patterns of coherent activity have been described at different 
stages thus providing a general framework of network maturation. A 
detailed timely description of network patterns at circuit and cell levels 
is essential for the understanding of pathogenic processes occurring 
during brain development. Disturbances in the expression timetable of 
this pattern sequence will affect network maturation. Early network 
oscillations (ENOs) are the dominant network pattern in the rodent 
neocortex for a short period after birth. Using functional multineuron 
calcium imaging together with single-cell and field potential recordings 
to clarify distinct network dynamics in rat cortical slices, we have 
recently shown that the developing somatosensory cortex generates first 
ENOs then GDPs, both patterns co-existing for a restricted time period. 
These patterns markedly differ by their developmental profile, 
dynamics and mechanisms. In this talk, I will focus on the maturation of 
coherent activity patterns in developing neocortical structures and 
present the intrinsic and synaptic cellular properties that are unique to 
the immature neocortex. In particular I will emphasize the critical role 
played by extracellular glutamate in controlling network excitability 
and triggering synchronous network waves of activity. 

The different roles of AMPA and NMDA receptors 
on synapse function and plasticity 

R. A. McKinney 

Department Pharmacology and Therapeutics, McGill University, 
Montreal, Canada 

In the central nervous system, most excitatory synapses occur on 
spines, which are small, approximately 1 pm, protrusions of the 
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dendritic tree. Dendritic spines are heterogeneous in shape and 
have been classified as mushroom, thin and stubby spines, based on 
the length of their neck and the size of their spine head. Spines 
undergo actin-dependent shape changes that occur over a large 
time scale, ranging from seconds to tens of minutes or even days. 
It is logical that during development spines undergo motility to 
form synapses but the physiological role of dendritic spine motility 
once synapses have been formed in the mature system is unknown. 
Evidence of the role of glutamate receptors on dendritic spine 
motility, maintenance and plasticity will be discussed. In particular, 
chronic blockade of AMPA receptors during excitatory synapse 
formation does not affect the number or shape of spines whereas 
chronic blockade of AMPA receptors in mature spines results in 
the loss of synapses and spines with the formation of more 
excitatory shaft synapses. Loss of synaptic contacts, in turn, leads 
to compensatory changes in synaptic transmission and plasticity. In 
contrast, chronic blockade of NMDA receptors prevents the prun¬ 
ing of dendritic arbors and spines but lowers the threshold for 
synaptic plasticity. These findings reveal differential roles of glu¬ 
tamate receptors on excitatory synapse formation, maintenance and 
plasticity. 


GABA a receptors, gephyrin and homeostatic 
synaptic plasticity 

Shiva K. Tyagarajan and Jean-Marc Fritschy 

Institute of Pharmacology and Toxicology, University of Zurich, 
Zurich, Switzerland 

GABAA receptors are ligand-gated ion channels mediating fast 
synaptic action of GABA, the main inhibitory neurotransmitter in the 
CNS. They are major targets for tranquillizers, hypnotics, muscle- 
relaxants, and anti-epileptic drugs. Regulation of GABAA receptor 
function and localization is critically dependent on interactions with 
gephyrin, the main scaffolding protein at GABAergic synapses. Ge¬ 
phyrin forms postsynaptic clusters by autoaggregation, and is 
traditionally considered to passively anchor receptors at postsynaptic 
sites. 

Synaptic homeostasis describes mechanisms ensuring overall 
stability of neuronal networks while allowing local changes in syn¬ 
aptic strength and connectivity. Emerging evidence from 
glutamatergic synapses indicates that synaptic homeostasis is medi¬ 
ated by activity-dependent posttranslational regulation of PSD 
proteins, which exert direct or indirect influences on glutamate 
receptor function. While the molecular mechanisms underlying reg¬ 
ulation of glutamatergic synapse activity and plasticity are well 
characterized, little is known about gephyrin regulation at GABAer¬ 
gic synapses. However, recent evidence obtained from in vitro 
experiments demonstrates that gephyrin clustering is associated with 
the formation of new GABAergic synapses and actively contributes to 
synaptic homeostasis. 

In this review, we hypothesize that signaling pathways regulating 
PSD-95 and glutamatergic transmission also participate in the regu¬ 
lation of gephyrin and GABAergic transmission. Specifically, we will 
discuss possible molecular mechanisms underlying gephyrin post¬ 
synaptic clustering, interactions with GABAA receptors, and 
contribution to GABAergic synapse formation/elimination. Accord¬ 
ing to this view, gephyrin is the core of a dynamic signaling hub that 
maintains the balance between synaptic excitation and inhibition and 
therefore contributes to long-term stability of neuronal circuits in the 
CNS. 


Neuroscience I 

Commissural GABA release during vestibular 
compensation in the rat 

Filip Bergquist 1 , Mike Ludwig 2 , and Mayank B. Dutia 2 

Institute for Neuroscience and Physiology, University of 
Gothenburg, Sweden 

2 Centre for Integrative Physiology, University of Edinburgh, UK 

The in vivo release of neurotransmitters is commonly measured by 
microdialysis sampling of the extracellular environment. Microdi¬ 
alysis measurements of biogenic amines correlate well with 
neurotransmitter release, showing rapidly abolished release after 
calcium depletion or perfusion with tetrodotoxin. In contrast, micro¬ 
dialysis measurements of GABA indicate slow and incomplete 
inhibition of release by calcium depletion or tetrodotoxin. The 
validity of microdialysis measurements for studying amino acid 
neurotransmitter release is therefore questionable. Amino acid uptake 
inhibition could increase the synaptic spill-over of neurotransmitter 
release and thereby increase the validity of microdialysis measure¬ 
ment of amino acid neurotransmitters. 

We used microdialysis in alert animals to measure extracellular 
GABA concentrations in the bilateral medial vestibular nucleus 
(MVN) at various stages after unilateral labyrinthectomy (UL). UL 
evokes a prominent behavioural syndrome associated with the 
silencing of ipsi-lesional neurons and hyperactivity of contra-lesional 
neurons. The drastic effects of UL on MVN neurons have on indirect 
grounds been attributed to a large imbalance in the reciprocal com¬ 
missural inhibitory system that links the bilateral MVNs. When the 
GABA transporter (GAT1) inhibitor NNC 711 was included in the 
perfusion solution UL was immediately followed by a difference in 
GABA concentrations between the two MVNs. In the absence of 
NNC 711, a change in GABA concentrations could only be observed 
24 h after UL. 

These findings provide direct evidence that an imbalanced com¬ 
missural inhibitory system is a root cause of the vestibular 
deafferentation syndrome, and that GAT1 inhibition can be used to 
facilitate microdialysis measurements of changes in GABA neuro¬ 
transmitter release. 


The impact of the congenital lack of nNOS on long¬ 
term social recognition memory and the olfactory 
bulb proteome 

Mathias Jiich 1 , Karl-Heinz Smalla 2 , Thilo Kahne 3 , Gert Lubec 4 , 
Wolfgang Tischmeyer 2 , Eckart D. Gundelfinger 2 , 
and Mario Engelmann 

1 Otto-von-Guericke-Un i versitat, Institut fur Biochemie und 

Zellbiologie, Magdeburg, Germany 

2 Leibniz Institut fur Neurobiologie, Magdeburg, Germany 

3 Otto-von-Guericke-Universitat, Institut fur Experimentelle 

Innere Medizin, Magdeburg, Germany 

4 Medizinische Universitat Wien, Klinische Abteilung fur 

Allgemeine Padiatrie und Neonatologie, Wien, Austria 

The gaseous neurotransmitter nitric oxide synthesizing enzyme neu¬ 
ronal nitric oxide synthase (nNOS) has been suggested to play a major 
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role in the modulation of memory. We analyzed the short-term and 
long-term recognition memory of adult nNOS-KO and wild-type mice 
in an olfactory cues based social discrimination paradigm. Further, a 
proteomic investigation of the olfactory bulbs of both genotypes were 
performed both under basal conditions and 6 h after learning, i.e., 
during the consolidation of long-term memory. Short-term recogni¬ 
tion memory was faultless in nNOS-KO mice. However, in contrast 
to wild-type animals, mutant mice failed to show a long-term olfac¬ 
tory recognition memory. Proteomic analysis revealed changes in 
glycolytic enzymes (e.g., fructose-bisphosphate aldolase C, glycer- 
aldehyde-3-phosphate dehydrogenase), voltage-dependent anion 
selective channels 1 and 2, alpha-synuclein, neuronal protein 25/ 
transgelin 3, proteins of the ubiquitin proteasome system, and heter¬ 
ogeneous nuclear ribonucleoproteins implicated in the regulation of 
messenger RNA trafficking, stability and translation. Our data suggest 
that in the mouse the congenital absence of nNOS results in an 
impaired protein synthesis-dependent olfactory long-term memory 
consolidation within relevant brain structures including the olfactory 
bulb. 


Neuropeptides in stress-related disorders 

Dora Zelena 

Hungarian Academy of Sciences, Institute of Experimental 
Medicine, Budapest, Hungary 

A number of neuropeptides seems to be involved in psychiatric 
disorders, especially corticotropin-releasing hormone (CRH) and 
vasopressin, which are the main regulators of the hypothalamo- 
pituitary-adrenal axis (HPA). In affective disorders, the irregulari¬ 
ties of the HPA axis are similar to changes during chronic 
stress, with a more pronounced role of vasopressin. Thus, vaso¬ 
pressin seems to play an important role in the pathophysiology of 
major depression, while evidence suggests a role for its twin 
molecule, oxytocin as an endogenous antidepressant/anxiolytic 
hormone. 

The relationship between HPA axis activation and mood disorders 
with special attention to the role of neuropeptides was in the focus of 
our research using spontaneously mutated vasopressin deficient 
Brattleboro rats (di/di). 

Behavioral studies confirmed that di/di animals were less anx¬ 
ious in the defensive withdrawal test and revealed lower depressive 
during forced swimming. The elevated CRH mRNA level in the 
nucleus paraventricularis hypothalami was unable to compensate 
the behavioral effect of vasopressin deficiency, while the elevated 
brain oxytocin levels may contribute to the less anxious/depressive 
state of vasopressin-deficient animals. Paralelly vasopressin was 
confirmed to be a prominent regulator of the adrenocorticotrop 
hormone secretion in wide range of stresses. Accompanied corti¬ 
costerone elevation was reduced in di/di rats just occasionally and 
remained elevated longer. Endogenous vasopressin acts as a para¬ 
crine signal to facilitate the return of plasma corticosterone to basal 
levels. Presented data supports the ethiopathogenic role of vaso¬ 
pressin in affective disorders, which seems to be more pronounced 
than the role of CRH and supported by the opposing changes in 
oxytocin levels. 


In search for ketamine-induced antidepressant-like 
effects 

Piotr Popik 

Department of Behavioral Neuroscience and Drug Development, 
Institute of Pharmacology, Polish Academy of Sciences, Krakow, 
Poland, nfpopik@cyf-kr.edu.pl 

Preclinical studies hasten drug discovery, and this concerns also the area 
of research on antidepressants. Antidepressant-like effects have been 
demonstrated for a variety of ligands inhibiting glutamatergic neuro¬ 
transmission, including IV-methyl-D-aspartic acid (NMDA) receptor 
antagonists. The effects of ketamine in animals are of particular interest, 
because this dissociative anesthetic and a noncompetitive NMDA gluta¬ 
mate receptor antagonist produces marked antidepressant effects in 
depressive patients. Recently, this laboratory replicated findings demon¬ 
strating that a single dose of ketamine given immediately before the test 
reduced immobility in rats and mice. However, no enduring (examined 1- 
2 weeks later) antidepressant-like effects of a single dose of ketamine was 
found in the rat forced swim test or a mouse tail-suspension test. We also 
failed to demonstrate that a single or repeated (2 weeks) ketamine treat¬ 
ment altered apomorphine-induced locomotor activity in rats. Neither 
acute nor chronic treatment with ketamine affected the density of cortical 
beta-adrenoceptors. These data suggest that in rodents, ketamine produces 
neither enduring antidepressant-like effects on immobility after a single 
administration, nor the antidepressant-like effects (apomorphine chal¬ 
lenge, density of cortical beta-adrenoceptors) after chronic treatment. The 
reasons of why preclinical tests designed to find antidepressant activity are 
unable to confirm clinical data will be discussed. 

Involvement of glutamate and nitric oxide in odour 
aversion learning 

Gabriel Roldan-Roldan, Hector Gonzalez-Sanchez, 
and Jorge Tovar-Diaz 

Department of Physiology, Faculty of Medicine, National 
Autonomous University of Mexico, Mexico City, Mexico 

Animals are able to distinguish between nutritive and noxious food 
based on chemosensory information, i.e., odour and taste (flavour). Rats 
readily learn to avoid the consumption of a specific flavour if they 
experience visceral malaise after its ingestion. While conditioned taste 
aversion has been extensively studied, the mechanisms underlying 
conditioned odour aversion (CAO) are much less understood. The 
glutamate and nitric oxide (NO) neurotransmission systems play a 
critical role in experience-dependent neuronal plasticity, as well as in a 
variety of learning tasks. Using intracerebral treatments we explored the 
role of the NMDA receptor-dependent nitric oxide synthase (NOS) 
activation into the olfactory bulb (OB) and amygdala (AMY) during 
acquisition, consolidation and retrieval of COA. Adult male rats 
implanted with permanent cannulae aimed at OB or AMY were trained 
in a standard two bottle odour aversion learning paradigm. Different 
NMDA receptor antagonists (MK-801 and DL-AP4), or NOS inhibitors 
(L-NAME and 7-NINA) were administered during the different learn¬ 
ing phases of COA. Both, NMDA receptors blockade and NOS 
inhibition into the AMY, dose-dependently disrupted acquisition and 
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early memory consolidation of COA, without affecting its retrieval; 
however, only NMDA receptors antagonists impaired COA acquisition, 
but produced a deeper amnesia when infused into the OB. Thus, while 
glutamatergic transmission appears to be essential for odour aversion 
learning, nitrergic mechanisms underlying COA may be site specific. 


Neuroscience II 

Involvement of NR2B and NR2D subunits in 
NMDAr-mediated transmission and plasticity in 
principal cells and interneurons in dentate gyrus 

S. C. Harney and R. Anwyl 

Department of Physiology, Trinity College Dublin, Dublin 2, 

Ireland 

IV-methyl-D-aspartate receptors (NMDARs) have a pivotal role in 
long-term plasticity and NMDAR-mediated synaptic transmission is 
subject to plasticity. We have investigated the subunit composition of 
NMDARs and plasticity of NMDAR-mediated transmission at 
excitatory synapses on granule cells (GCs) and hilar intemeurons 
(INs) in the dentate gyrus. NMDAR-EPSCs recorded from hilar INs 
had significantly slower decay kinetics compared to those recorded in 
GCs (weighted decay time constant r = 31 ± 1 ms and 62 ± 5 ms, 
n = 25, for GCs and INs, respectively. Inhibition of NMDAR-EPSCs 
by the NR2B antagonist ifenprodil (3 pM) was similar in GCs and 
INs with a depression of ~ 30%. The NR2D-preferring antagonist 
UBP141 (3 pM) inhibited NMDAR-EPSCs in INs by ~ 30% but had 
no effect on control NMDAR-EPSCs in GCs. High frequency stim¬ 
ulation (HFS) induced LTP of NMDAR-EPSCs in GCs which was 
postsynaptically expressed via NR2D-containing NMDAR. In con¬ 
trast, HFS induced a presynaptically expressed LTD of NMDAR- 
EPSCs in INs but no change in postsynaptic NMDARs. 

Neuronal viability is controlled by a functional 
relation between synaptic and extrasynaptic NMDA 
receptors 

O. Nicole and A. Buisson 

UMR CNRS 6232, CINAPS, Caen, France 

IV-methyl-D-aspartate receptors (NMDARs) are critical for synaptic 
plasticity but they have also been described as a common source of 
neuronal damage. However NMDA-R antagonists failed to show 
neuroprotective efficacy in human clinical trials or produced intol¬ 
erable adverse effects. The failure of these agents may be attributed to 
a fundamental misunderstanding of the roles of NMDA-R, particu¬ 
larly their localization in neuronal function and survival. In the 
present study, we investigate the influence of NMDA-R cellular 
locations on excitotoxicity and the activation of signalling pathways. 
By blocking GABAa receptor function cortical neurons fire burst of 
action potential which resulted in Ca 2+ plateus visualized by video¬ 
microscopy. This intracellular Ca 2+ increasing is fully blocked by the 
co-application of MK801. The exposition of cortical neurons for 24 h 
to bicuculline, does not induce any neurotoxicity. In order to inves¬ 
tigate the role of extrasynaptic NMDA-R, we selectively inactivated 
synaptic NMDA-R by exposing neurons to MK801 under bicuculline 
treatment and we performed a bath application of NMDA. In these 
conditions, we measured an increase in intracellular Ca 2+ concen¬ 
tration mediated by the activation of extrasynaptic NMDA-R. When 


applied for 24 h, this condition induced neurotoxicity. In light of the 
cell death-promoting activities of extrasynaptic NMDA-R, we have 
determined the pharmacological differences of NMDA-R and char¬ 
acterized the signalling pathways (MAP kinases, CREB) induced by 
selective activation of synaptic or extrasynaptic NMDA-R. We also 
demonstrated that the only clinically approved NMDAR antagonist, 
memantine, preferentially antagonizes extrasynaptic NMDARs. 

NR2D-containing NMDA receptors mediate tissue 
plasminogen activator-promoted neuronal 
excitotoxicity 

Amandine Baron, Severine Launay, Amandine Julienne, 

Axel Montagne, Carine Ali, and Denis Vivien 

INSERM, INSERM U919, Serine Proteases and Pathophysiology 
of the neurovascular Unit (SP2U), CNRS, 

UMR CNRS 6232 Ci-NAPs, Cyceron, University 
of Caen Basse-Normandie, Caen Cedex, France 

Although the molecular bases of its actions remain debated, tissue- 
type plasminogen activator (tPA) is a paradoxical brain protease, as it 
favours some leaming/memory processes but increases excitotoxic 
neuronal death. Here we demonstrate that, in cultured cortical neu¬ 
rons, tPA selectively promotes NR2D-containing V-methyl-o- 
aspartate receptor (NMDAR)-dependent activation. We show the 
tPA-mediated signalling and neurotoxicity through the NMDAR are 
blocked by co-application of a NR2D antagonist (PPDA) or knock¬ 
down of neuronal NR2D expression. In addition, activation of syn¬ 
aptic NMDAR prevents further tPA-dependent NMDAR-mediated 
neurotoxicity and sensitivity to PPDA. This study demonstrates that 
the previously described pro-neurotoxic effect of tPA is mediated by 
NR2D-containing NMDAR-dependent Erk(/4) activation, a deleteri¬ 
ous effect prevented by synaptic pre-activation. 

Manipulating antioxidant gene expression: 
endogenous mechanisms and pharmacological 
approaches 

Giles E. Hardingham 

Centre for Integrative Physiology, University of Edinburgh, 
Edinburgh, UK 

Antioxidant defences are important for neuronal longevity. These 
defences can take the form of both intrinsic enzymic systems as well as 
extrinsic systems, such as those provided by surrounding astrocytes. 
The regulation of intrinsic and/or extrinsic antioxidant defences may 
influence the vulnerability of neurons to oxidative insults in vitro or the 
progression of disorders associated with oxidative stress in vivo. Key 
intrinsic antioxidant systems in neurons are based around thioredoxin 
and glutathione. We describe here findings that neuronal activity 
strongly up-regulates the capacity of both these enzymic systems to 
detoxify harmful reactive oxygen species such as hydrogen peroxide. 
The regulation of both systems is associated with changes in gene 
expression, including the upregulation of sulfiredoxin, glutamate-cys¬ 
teine ligase and the suppression of thioredoxin-interacting protein. The 
net effect of these activity-dependent changes is to boost thioredoxin 
activity, prevent the hyperoxidation of peroxiredoxins, and enhance 
both rates of glutathione synthesis and peroxidation. We will also dis¬ 
cuss ways of mimicking some of these changes to antioxidant gene 
expression through the use of small molecules, including those which 
activate gene expression mediated by the antioxidant response element. 
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NMD A/nitric oxide pathways as 
targets in psychiatric disorders 

Magnesium- and zinc-deficiency models for 
depression and their relationship to NMDA/NO 
pathways 

N. Singewald 1 , S. B. Sartori 1 , J. H. Shin 2 , L. Lin 2 , G. Lubec 2 , 
and N. Whittle 1 

'Department of Pharmacology and Toxicology, Institute of 

Pharmacy and Centre for Molecular Biosciences Innsbruck, 

University of Innsbruck, Innsbruck, Austria 

department of Pediatrics, Medical University of Vienna, Vienna, 

Austria 

Accumulating evidence suggests that depression may be associated 
with enhanced V-methyl-n-aspartate/nitric oxide (NMDA/NO) sig¬ 
nalling. Modelling enhanced NMDA receptor activity in animals is 
difficult since over-activation can lead to cellular damage and death. As 
both magnesium and zinc inhibit NMDA receptor activity via modu¬ 
latory sites, dietary induced magnesium- and zinc-deficiency may be a 
suitable way to mildly activate NMDA receptors for prolonged periods. 
Indeed, using validated animal tests of depression, we can show that 
both magnesium- and zinc-deficient mice display enhanced depression¬ 
like behaviour which is sensitive to chronic antidepressant treatments. 
By quantifying the expression of immediate-early genes (c-Fos/Zif268) 
we revealed in both mouse models stress-induced hyperactivation of the 
amygdala, a key region in the processing of emotion and mood in 
animals and humans. Magnesium-deficiency failed to induce enhanced 
depression-like behaviour in heterozygous neuronal NO synthase 
knock out mice, suggesting that activation of NO signalling pathways 
significantly contributed to the enhanced depression-like behaviour in 
this animal model. Furthermore, we revealed that magnesium-deficient 
mice display altered expression of NG,NG-dimethylarginine dimeth- 
ylaminohydrolase 1, neuronal nitric oxide synthase and NMDA 
receptor 2B in the amygdala/hypothalamus. These changes were sen¬ 
sitive to chronic antidepressant treatment providing further evidence for 
an involvement of NMDA/NO signalling. Collectively, these results 
suggest magnesium- and zinc-deficient mice as new screening models 
for clinically active antidepressants. Since these models are not based 
on the monoamine hypothesis of depression, they may be particularly 
suitable to identify antidepressants with new modes of action, which do 
not primarily target monoamine systems. 

Involvement of NMDA/NO pathway 
in antidepressant activity of zinc 

G. Nowak 1 ' 2 , A. Cichy 1 , A. Siwek 1 , M. Dybala 1 , 

M. Sowa-Kucma 2 , E. Poleszak 3 , and A. Pile 2 

'Chair of Pharmacobiology, Collegium Medicum, Jagiellonian 
University, Krakow, Poland 

department of Neurobiology, Institute of Pharmacology, 

Polish Academy of Sciences, Krakow, Poland 
department of Pharmacology and Pharmacodynamics, 

Medical University, Lublin, Poland 

Zinc exhibits antidepressant activity in animal screening tests and 
models of depression. Also the enhancement of antidepressant action 


of conventional drugs by zinc was demonstrated in preclinical and 
clinical studies. However, the mechanism of antidepressant activity 
of zinc is not quite clear. Zinc in a potent antagonist the NMDA 
receptor and inhibitor of activity of NO synthase. To examine the 
role of NMDA/NO pathway in zinc antidepressant activity we used 
the forced swim test (FST). Zinc activity in the FST was antago¬ 
nized by NMDA and D-serine co-treatment, and on the other hand 
NMDA antagonists (CGP 37849, l-701,324, D-cycloserine, MK-801) 
enhanced antidepressant activity of sub-effective dose of zinc. Also, 
a l-NA (Nitric Oxide Synthase inhibitor) enhanced the antidepres¬ 
sant activity of zinc. Moreover, zinc induced reduction in the 
glycine potency to inhibit [ 3 H]L-689,560 binding to Gly/NMDA 
glutamatergic receptors in the rat frontal cortex following chronic 
treatment. All the data indicate the involvement of NMDA/NO 
pathway in the antidepressant activity of zinc in animal preclinical 
measures and suggest such antidepressant mechanism of zinc in 
human depression. 


Stress associated changes in the nitric oxide 
signaling cascade: relevance for affective 
psychopathology 

G. Wegener 1 , BH Harvey 2 , V. Volke 3 , H. Muller 1 , 
and B. Elfving 1 

'Centre for Psychiatric Research, Aarhus University Hospital, 
Risskov, Denmark 

2 Division of Pharmacology, School of Pharmacy, North West 

University, Potchefstroom, South Africa 

department of Physiology, University of Tartu, Tartu, Estonia 

Affective disorders are widely distributed disorders with 
severe social and economic effects. Several studies suggest that 
stress is a key mediator in both the precipitation and progression of 
affective disorders. Fortunately, there is strong evidence underlin¬ 
ing that effective treatment helps to restore function and quality of 
life. 

There is accumulating evidence that the novel neurotransmitter 
nitric oxide (NO) acts as a neuromodulator, participating in several 
sub-cellular processes underlying cellular memory and neuronal 
toxicity. As such, nitrergic pathways may have an important role in 
hippocampal degenerative pathology and cognitive deficits seen in 
patients with affective disorders. A few clinical and several pre¬ 
clinical studies, strongly suggests involvement of the nitric oxide 
(NO) signalling pathway in these disorders. Several of the con¬ 
ventional neurotransmitters, including serotonin, glutamate and 
GABA, are intimately regulated by NO. Moreover, distinct classes 
of antidepressants (Imipramine, Tianeptine, Citalopram and Par¬ 
oxetine) have been found to modulate the NO level in the living 
rat hippocampus in clinically relevant doses, and recent work from 
our group, using selective inhibitors of phosphodiesterase 5, indi¬ 
cate that the whole NO signalling pathway may play a major role 
in the behavioural and neurochemical effects observed. 

We have also investigated the responses in the nitrergic system 
following subacute stress in a genetic animal model of depression. 
Here, our results indicate that key proteins in the /V-methyl-D-aspar- 
tate (NMDA)-NO signalling pathway, including nNOS, PIN and 
PSD95, were differentially affected following stress in the model of 
depression, and its’ controls. 

Taken together, these data further support an important role for the 
NO cascade in affective disorders. 
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Mechanisms mediating the psychotropic properties 
of NO synthase inhibitors 

Andrew Harkin 

Neuropsychopharmacology Research Group, Trinity College 
Institute of Neuroscience, Trinity College, Dublin 2, Ireland 

Nitric oxide (NO) plays an important role in the regulation of behaviour 
of relevance to psychiatric disorders including aggression, depression 
and anxiety. Inhibitors of NO synthase (NOS) possess anxiolytic and 
antidepressant properties in animal models. Mechanisms mediating 
such properties are less well understood, however inhibition of the 
neuronal isoform of NOS is most strongly implicated. NO is a key 
intracellular messenger associated with activation of the glutamate N- 
methyl-D-aspartate receptor (NMDA-R). Since antagonists of NMD A- 
R possess antidepressant properties, targets downstream of the receptor, 
such as NOS, may represent targets for antidepressant drug action that 
lack the problems associated with direct inhibition of NMDA-R. NOS 
inhibitors dose dependently and stereo-selectively produce antide¬ 
pressant activity in the forced swimming test, FST, a preclinical 
behavioural screening procedure sensitive to antidepressant activity. By 
contrast to NMDA-R antagonists, NOS inhibitors are devoid of loco¬ 
motor stimulatory properties. The behavioural profile obtained parallels 
that of selective serotonin re-uptake inhibitors (SSRIs), the most widely 
prescribed drug treatment for depression and some anxiety disorders. 
Sub-active doses of NOS inhibitors augment the antidepressant potency 
of SSRIs. Moreover depletion of endogenous serotonin (5-HT), or 
inhibition of 5-HT 2 receptors, block the antidepressant-like activity of 
NOS inhibitors in the FST suggesting that NOS inhibitors elicit their 
antidepressant-like activity in the FST through a 5-HT dependent 
mechanism. Our findings have been supported by others and suggest 
that the psychoactive properties of NOS inhibitors involve glutamate 
and 5-HT mechanisms that may represent a novel approach for the 
treatment of depression and anxiety disorders. 

Nitric oxide, L-lysine and cognitive dysfunction 
in schizophrenia: a translational approach 

Daniel S. Klamer 1 , Caroline E. Wass 1 , Kim W. Fejgin 1 , 

Jorgen A. Engel 1 , Birgitta Rembeck 2 , Lennart I. Svensson 1 , 
and Erik N. Palsson 1 

'Department of Pharmacology, Institute of Neuroscience 
and Physiology, The Sahlgrenska Academy at University 
of Gothenburg, Sweden 

2 Psykosvard i Vaster, Sahlgrenska University Hospital, 

Gothenburg, Sweden 

Cognitive dysfunction is considered a core deficit of schizophrenia and 
predicts social functioning and long-term outcome in patients. This 
cognitive dysfunctionality currently lacks effective pharmacological 
treatment. In order to identify novel drug targets, translational experi¬ 
mental animal models of cognitive dysfunction are required. We have 
established a behavioural test battery in rodents, ranging from pre- 
attentive information processing to cognitive flexibility. Using this test 
battery, we have demonstrated that nitric oxide (NO) synthase inhibitors 
can ameliorate impairments induced by the schizophrenomimetic drag 
phencyclidine (PCP), across several levels of cognitive complexity. 

In a recent study by our research group L-lysine, a competitive 
inhibitor of NO synthase substrate, was demonstrated to attenuate the 
disruptive effect of PCP on pre-attentive information processing. 
Hence, treatment with L-lysine could have therapeutic effects in patients 
with schizophrenia. In order to investigate the effects of L-lysine on 
cognition and symptom severity in patients with schizophrenia, we 


conducted a proof of concept study. Ten patients received 6 g L-lysine/ 
day as an add-on treatment to their conventional antipsychotic treatment 
or placebo, in a crossover design, for a total of eight weeks. The blood 
concentration of L-lysine increased in eight patients after treatment and 
there were no reports of aversive side effects. Furthermore, the results 
suggest that there is a beneficial effect of L-lysine treatment on symptom 
severity, sensory information processing, and cognition. However, a 
larger study, with higher power, is needed to further explore the 
potential treatment benefits of L-lysine in patients with schizophrenia. 

Oxidative stress of amino acids 
and proteins 

Protein damage and the proteasome 

Tilman Grune 

Institute of Biological Chemistry and Nutrition (140F), 

University of Hohenheim, Stuttgart, Germany, 
grune @uni-hohenheim.de 

Protein damage and oxidation is unavoidable consequence of aerobic 
life. However, a well functioning cellular metabolism is able to rec¬ 
ognize and degrade oxidatively damaged proteins. Mammalian cells 
contain a multitude of proteolytic enzymes characterized by different 
compartmentalization and substrate specifity. One of the major pro¬ 
teolytic systems in mammalian cells is the proteasomal system. 
Besides the 20S core proteasome it consists of several components and 
is strongly redox-regulated. In living mammalian cells it was dem¬ 
onstrated that the proteasome is the major proteolytic system 
responsible for the degradation of oxidized proteins and that the 
exposure of cells to oxidants is followed by an enhanced protein 
turnover. This turnover is directed towards the selective removal of 
oxidatively modified proteins by the proteasomal system. We dem¬ 
onstrated that the isolated proteasome is able to degrade moderately 
oxidized proteins, whereas severely oxidized model proteins are poor 
substrates of this protease. Several lines of evidence demonstrate that 
the recognition of oxidized proteins by the protease is due to unfolding 
and to the exposure of hydrophobic moieties on the protein surface. 

A failure of an adequate degradation of oxidized proteins is 
leading to various side effects, including formation of protein 
aggregates. Such protein aggregates are major contributors to several 
pathologies. Therefore, it is increasingly recognized that malfunction 
of the proteasomal system is playing a major role in several diseases 
(including neurodegenerative diseases) and the aging process. 

Enabling the quantitation of post translational 
modifications 

Jens Allmer 

Molecular Biology and Genetics, Izmir Institute of Technology, 
Gulbahce Campus, Urla, Izmir, Turkey 

Identifying post translational modifications (PTMs) is essential to 
understanding protein function and activity. Mass spectrometry can 
identify expected PTMs but the number of known possible PTMs is 
too large to analyze a dataset for all of them. It is, however, possible 
to test a small number of abundant PTMs such as phosphorylation. 

For understanding changes in function and activity under different 
physiological conditions it is not only necessary to identify PTMs they 
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also need to be quantified and put into their experimental context. We 
earlier developed 2DB, a proteomics database able to store such 
information. An extension to 2DB enabling different modes of quan¬ 
titation has also been developed recently. This tool has been extended to 
map not only identified peptides to their experimental context but also 
their PTMs. The relative amount of PTMs per peptide, protein, and 
fraction of a separation can be deduced using this tool. Furthermore, 
between different experiments peptides and proteins could be quanti¬ 
fied with the previous tool. The additions make the results more sound 
since PTMs are now included into the analysis. The PTMs not only 
increase the potential for more spectral counts and thus a better quan¬ 
tification of peptides and proteins but can be quantified in their own 
right. Between several experiments the overall difference in identified 
PTMs can be calculated as well as the differential modification of 
peptides and proteins, overall, or in specific fractions or pools thereof. 

Post-translational actin nitration: targets 
and functional consequences 

Mutay Aslan 

Department of Biochemistry Akdeniz University Medical School 
Campus, Antalya, Turkey 

To link the phenomena of inflammatory-induced increases in protein 
nitrotyrosine (N02Tyr) derivatives to protein dysfunction and con¬ 
sequent pathological conditions, evaluation of discrete N02Tyr 
modifications on specific proteins must be undertaken. Actin, one of 
the most abundant proteins in eukaryotic cells, constitutes 5% or more 
of cell protein and serves with other cytoskeletal proteins such as 
tubulin as a critical target for nitration-induced functional impair¬ 
ment. Mass spectrometric (MS) proteomics-based strategies allow for 
the identification of all individual proteins that are nitrated by sepa¬ 
rating tissue homogenates using 2D gel electrophoresis, detecting the 
nitrated proteins using an anti-N02Tyr antibody, and then identifying 
the peptides generated during an in-gel proteolytic digest using 
matrix-assisted laser desorption ionization/time-of-flight (MALDI- 
TOF) MS. In order to fully understand the functional alterations 
induced by N02Tyr, identification of specific sites of N02Tyr 
modifications provides powerful insight into the implications of 
protein nitration. To more incisively detect biological N02Tyr levels, 
isotope dilution gas chromatography (GC) joined with mass spec¬ 
trometry (MS) detection methods on chemically hydrolyzed tissue 
and fluid samples are employed. Typically, after the addition of iso- 
tope-labeled internal standards to a delipidated sample, the protein is 
hydrolyzed and the resulting amino acids are isolated from the 
hydrolysate by chromatography on a solid phase extraction column 
prior to derivatization. While sometimes technically challenging, the 
analytical MS techniques evaluating N02Tyr-containing proteins to 
date may provide the most accurate information regarding the loca¬ 
tion and magnitude of N02Tyr formation in vivo, especially when 
used in conjunction with immunohistochemical approaches. 

Redox signalling and detection of protein oxidation 
by mass spectrometry 

Corinne M. Spickett and Andrew R. Pitt 

Institute of Pharmacy and Biomedical Sciences, University 
of Strathclyde, Glasgow, Scotland, UK 

It is now recognised that redox control of proteins plays an important 
role in many signalling pathways both in health and disease. Proteins 
can undergo a wide variety of oxidative post-translational modifications 


(oxPTM); while the reversible modifications are thought to be most 
important in physiological processes, non-reversible oxPTM may 
contribute to pathological situations and disease. The oxidant is also 
important in determining the type of oxPTM (chlorination, nitration, 
etc.), and the susceptibilities of residues vary depending on their 
structural location. The best characterized oxPTMs involved in sig¬ 
nalling modulation are partial oxidations of cysteine to the disulfide, 
glutathionylated or sulfenic acid forms, but there is increasing evidence 
that specific oxidations of methionine and tyrosine may have some 
biological roles. Well understood examples of oxidative regulation 
include protein tyrosine phosphatases, e.g. PTP1B/C, and members of 
the MAPK pathways such as MEKK1 and ASK1. Transcription factors 
such as NFkB and Nrf-2 are also regulated by redox-active cysteines. 
Improved methods for analysing specific oxPTMs in biological samples 
are critical for understanding the physiological and pathological roles of 
these changes, and tandem or MS 3 mass spectrometry techniques 
interfaced with nano-LC separation are being now used. MS 3 
fragmentation markers for a variety of oxidized residues including 
tyrosine, tryptophan and proline have been identified, and a precursor 
ion scanning method that allows the selective identification of these 
oxPTMs in complex samples has been developed. Such advances in 
technology offer potential for biomarker development, disease diag¬ 
nosis and understanding pathology. 

Relation between activities of antioxidant enzymes 
and clod tolerance of postharvest tomato fruits from 
two cultivars at cold storage 

Zhao Dan-ying, Shen Lin, and Sheng li-ping 

College of Food Science and Nutritional Engineering, China 
Agriculture University, Beijing, China 

In order to find the relation between postharvest fruits from cultivars 
with different chilling sensitivity and antioxidant enzyme activities, 
postharvest tomato fruits from two cultivars, Santiam (Solatium ly- 
copersicum L. cv. Santiam) and Lichun (Solarium lycopersicum L. cv. 
Lichun), differing in chilling tolerance, were treated with short-time 
(24 h) and long-time (20 days) chilling stress. Activities of antioxi¬ 
dant enzymes, catalase (CAT), ascorbate peroxidase (APX), 
peroxidase (POD) and superoxide dismutase (SOD) were detected. It 
was found that enzyme activities reflected chilling tolerance of cul¬ 
tivars, and showed a positive relationship between them. Activities of 
CAT, POD and SOD could swiftly reflect chilling tolerance diversity 
between the two cultivars within 4-24 h under chilling stress in a 
significant level (P < 0.05). Conclusively, it was suggested that 
detecting activities of antioxidant enzymes was a fast and effective 
method to judge chilling tolerance of postharvest fruits. 

Purification, characterization and effect 
of antioxidative dipeptide from salmon protamine 
hydrolysate: study on the properties of bioactive 
peptides 

Yonggang Wang 1 ' 2 , Fengrong Zhu 1 , Qiuling Fan, 

Fusen Han 1 , and Heyao Wang 2 

'R&D department of Tianjin Tianshi Group Co., Ltd., 

Tianjin, China 

2 Shanghai Institute of Materia Medica, Chinese Academy 
of Science, Shanghai, China 

Protamine, which was obtained from fish milt that is normally dis¬ 
carded as an industrial by-product in the process of fish plant, was 
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hydrolyzed with trypsin, etc. We found salmon protamine hydrolysate 
possessed antioxidant activity in vitro and in vivo. To investigate 
characterization of anti-oxidative peptides, protamine hydrolysate 
was further purified by the chromatography according to the oxidation 
systems. The supernatants were applied onto a Sephadex G-35 col¬ 
umn. The fraction showing highest antioxidative activities was further 
chromatographied on a manually prepared Macro-Prep High Q col¬ 
umn, Hi-Trap desalting column, an YMC-Pack Protein-RP column 
and Symmetry Shield RP18 column. The molecular mass and the 
amino acid sequence of the purified peptide were identified by 
LC-MS data and the database search in NCBI. The most potent 
peptide derived by successive chromatography isolation was identi¬ 
fied to be Pro-Arg matching 1-2 and 16-17 residues of the salmon 
protamine. 

In this future study, we compared the antioxidant capabilities of 
purified and synthesized dipeptide (Pro-Arg) and found both of them 
had very strong hydroxyl-radical scavenging activity in vitro, even 
at a very low concentration. The protective effect of the dipeptide 
against oxidative stress was evaluated using H 2 02-induced oxidative 
stress of human diploid fibroblasts MRC-5 cell model. These results 
showed that dipeptide pretreatment could eliminate about 90% 
intracellular ROS induced by H 2 0 2 when the concentration of 
synthesized dipeptide reached 250 pg/ml. Meanwhile, the dipeptide 
normalized S phase arrest of MRC-5 cells exposed to H 2 0 2 . Our 
findings demonstrate that Pro-Arg can protect against oxidative 
stress/damage and H 2 0 2 -induced human diploid fibroblasts cell 
death. 


Analysis of oxidative folding of ribonuclease A 
by using water-soluble selenoxide reagent 

Kenta Arai, Fumio Kumakura, and Michio Iwaoka 

Department of Chemistry, School of Science, Tokai University, 
Japan 

The SS bonds in a protein molecule are important for maintaining the 
native 3D structure. In our laboratory, we have recently succeeded in 
observation of slow SS rearrangement reactions separately from fast 
SS formation reactions in the oxidative refolding pathways of ribo¬ 
nuclease A (RNase A) by using 3,4-dihydroxyselenolane oxide (DHS) 
as a highly efficient and quantitative oxidizing reagent. Thus, facile 
observation of the partially oxidized key intermediates was achieved. 
Herein, we investigated on the temperature effects to obtain infor¬ 
mation about thermodynamic stabilities and structures of the key 
intermediates. 

Native RNase A (N) was reduced with DTT to the reduced 
form (R). The folding reaction was initiated by addition of DHS 
under the conditions at 5—45 degrees Celsius and pH 8.0 and 
stopped by addition of AEMTS, a SH blocking reagent, with 
variation of the reaction time. After desalting by gel filtration 
chromatography, the obtained refolding intermediates were ana¬ 
lyzed by HPLC. 

It was revealed that the oxidation reaction (i.e., SS formation) was 
completed quantitatively within 1 minute in the applied temperature 
range and then N and the four key folding intermediates (des inter¬ 
mediates) were gradually generated by slow SS rearrangement 
reactions. The relative stabilities of the des intermediates were found 
to be sensitive to the temperature. At low temperatures, des[40-95] 
was thermodynamically most stable, whereas the heat denaturation 
temperature was highest for des[65-72] among the four des 
intermediates. 


Oxidative interactions of aminothiols in buffer 
versus physiological fluid 

Tony Briddon and Ian P. Hargreaves 

National Hospital for Neurology and Neurosurgery, Queen 
Square, London, UK 

The aminothiols cysteine (Cys) and homocysteine (Hey) were incu¬ 
bated separately and together in minimal medium (a buffered salt 
solution) as a preliminary to the investigation of their possible sta¬ 
bilising affect on the oxidation of glutathione under the influence of 
cultured astrocytes. 

In the absence of copper, Cu(II), Cys was stable over 4 h at 370°C 
whilst Hey oxidised slowly. Surprisingly, when co-incubated both 
were stable to oxidation. Incubated separately in the presence of 
Cu(II) both oxidised very rapidly to form the corresponding disul¬ 
phide and a mixture of sulphinic and sulphonic acids. This was not 
altered when co-incubated; however the oxidation products again 
included Cys/Hcy sulphinic and sulphonic acids but, additionally, the 
mixed disulphide formed also degraded rapidly and contributed to the 
formation of these compounds. 

This was repeated in CSF as a (virtually) protein free alternative to 
plasma and the above spurious affects were notably absent. 

Conclusions: 

1. In the absence of copper, thiols may exhibit a mutually protective 
affect. 

2. All thiol species need to be measured or spurious products may 
go unnoticed. 

3. These affects are not present in physiological fluid (CSF). 

4. Oxidation experiments performed in aqueous media may not ade¬ 
quately represent that which may occur physiological fluid. 


Comparison of electrochemical and spectrometric 
detection of-SH moieties 

Dalibor Huska 1 , Olga Krystofova 1 , Vojtech Adam 1,2 , 

Iva Soukupova 3 , Miroslava Beklova 3 , Libuse Trnkova 4 , 
and Rene Kizek 1 

'Department of Chemistry and Biochemistry, Faculty of 
Agronomy, Mendel University of Agriculture and Forestry, Brno, 
Czech Republic 

department of Animal Nutrition and Forage Production, Faculty 
of Agronomy, Mendel University of Agriculture and Forestry, 

Brno, Czech Republic 

department of Microelectronics, Faculty of Electrical 
Engineering and Communication, Brno University of 
Technology, Brno, Czech Republic 
department of Chemistry, Faculty of Science, Masaryk 
University, Brno, Czech Republic 

Low molecular mass thiols such as glutathione play key roles in 
heavy metals metabolism and scavenging of free radicals. Free -SH 
moieties of the above-mentioned compounds are highly reactive and 
are often found conjugated to other molecules. Searching of suitable 
instruments and procedures for detection of free -SH moieties pre¬ 
sents important analytical task for decades. Due its reactivity, free - 
SH moiety can be detected by several types of methods including 
spectrometry and/or electrochemistry. In this study, we focused on 
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detection and quantification of -SH moieties by using of electro¬ 
chemical and spectrometric detection. To calibrate both methods we 
used A'-acetylcysteine in micromolar concentrations. The electro¬ 
chemical method was based on detection of signals caused by proteins 
containing -SH groups in the presence of cobalt(III) ions. One of 
these signals called Cat2 was proportional to concentration of -SH 
moieties. Relative standard deviation was 4% and detection limit was 
estimated down to submicromolar. Besides electrochemistry, spec¬ 
trometric analysis was performed at 420 nm (reaction of thiol with 
Ellman’s reagent). The results obtained by both methods correlated 
very well. Moreover, -SH groups in cysteine, homocysteine, gluta¬ 
thione and metallothionein were detected by the mentioned methods. 
The proposed methods were subsequently used to detect thiols in fish 
exposed to stress caused by heavy metals ions (silver or cisplatin). 
The contents determined by electrochemical and spectrometric 
methods were correlated. Contents of free -SH groups were also 
determined after precipitation (12% trichloroacetic acid). 
Acknowledgments: Financial support from GAAV IAAA40199071, 
GACR 102/08/1546 and MSMT 6215712402 is greatly acknowledged. 

Adsorptive transfer stripping techniques coupled 
with voltammetry as a tool for detection of sulphur- 
containing aminoacids in nanolitres 

Dalibor Huska 1 , Vojtech Adam 1,2 , Jaromir Hubalek 3 , 

Libuse Tmkova 4 , and Rene Kizek 1 

‘Department of Chemistry and Biochemistry, Faculty of 
Agronomy, Mendel University of Agriculture and Forestry, Brno, 
Czech Republic, kizek@sci.muni.cz 

department of Animal Nutrition and Forage Production, Faculty 
of Agronomy, Mendel University of Agriculture and Forestry, 

Brno, Czech Republic 

department of Microelectronics, Faculty of Electrical 
Engineering and Communication, Brno University of 
Technology, Brno, Czech Republic 
department of Chemistry, Faculty of Science, Masaryk 
University, Brno, Czech Republic 

Electrochemical methods using hanging mercury drop electrode belong 
to the most sensitive one for detection of thiols. We report on the 
improvement of adsorptive transfer stripping technique (AdTS) cou¬ 
pled with differential pulse voltammetry Brdicka reaction. The current 
technique has been unable to generate reproducible results when ana¬ 
lyzing very low sample volumes (500 nL-3 pL). This obstacle can be 
overcome technically by modifying the current transfer technique 
including cooling step (4°C) of the adsorbed analyte. The cooling 
enabled us to prolong time of accumulation (hundreds of seconds) 
without evaporation of low volumes of a sample used in our experi¬ 
ments. We tested the technique on determination of human serum 
albumin and promising tumour disease marker protein metallothionein 
(MT). We determined signals called Catl, Cat2 and Cat3 corresponding 
to hydrogen evolution from supporting electrolyte and protein-complex 
with Brdicka solution (RS 2 C 0 ). The observed signals were well 
repeatable and developed. In addition, we measured the calibration 
dependences within the interval from 10 pM to 500 nM. The detection 
limit (3 S/N) of MT or has estimated as 3 signal/noise were down to 
units of pM. Further the improved AdTS technique was utilized to 
analyze blood serum samples from patients with cancer. Based on the 
results obtained it can be concluded that the improved technique can be 
used to detect a thiol-protein in very low sample volumes and can also 
prevent interferences during the washing and transferring step. 
Acknowledgments: Financial support from GAAV IAAA40199071, 
GACR 102/08/1546 and INCHEMBIOL MSM0021622412 is greatly 
acknowledged. 


DPPH radical scavenging effect 

of A'-phenylpropenoyl amides of some biogenic 

monoamines 

Lubomir Georgiev 1 , Maya Spasova 1 , Bojka Stojkova 1 , 

Emine Dzaganova 1 , Galya Ivanova 2 , and Tsenka Milkova 1 
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Hydroxycinnamic acid amides are a widely distributed group of plant 
secondary metabolites. Their biosynthesis and subsequent polymeri¬ 
zation in the plant cell wall are generally accepted as integral 
components of plant defense responses to pathogen challenge, 
wounding, heavy metals, etc. 

Sixteen amides of cinnamic, ferulic, sinapic and p-coumaric acids 
with biogenic monoamines (tyramine, tryptamine, dopamine and 2- 
phenylethylamine) were synthesized. Their structure was confirmed 
by UV, ‘H-NMR and MS. 

The antioxidative potential of the synthesized amides was studied 
against DPPH* (l,l-diphenyl-2-picrylhydrazyl radical) in abs. EtOH 
and compared with those of hydroxycinnamoyl amino acid amides 
and well-known antioxidants. 


Synthesis of esters of hydroxycinnamic acids 
with N-protected amino alcohols and evaluation 
of their radical scavenging activity 

Maya Spasova 1 , Elitsa Georgieva 1 , Galya Ivanova 2 , 
and Tsenka Milkova 1 

‘Department of Organic Chemistry s South-West University 
“N.Rilski”, Blagoevgrad, Bulgaria 

institute of Organic Chemistry with Centre of Phytochemistry, 
Bulgarian Academy of Sciences, Sofia, Bulgaria 

From the literature it is known that esters of hydroxycinnamic acid 
with serine, homoserine and tyrosine exhibit strong radical scaveng¬ 
ing activity. 

In this study, feruloyl- and sinapoyl- esters of N-protected amino 
alcohols have been synthesized. The N-protected amino alcohols have 
been obtained by chemoselective reduction of the corresponding mixed 
anhydride of N-protected amino acids using NaBH 4 . The newly syn¬ 
thesized esters have been characterized by UV, ‘H-NMR and EI-MS. 

The study of radical scavenging activity of the synthesized esters 
is in progress. 

Oxidative stress, reactive species and antioxidants 
Repair of protein radicals 

J. Gebicki 1 , A. Domazou 2 , T. Nauser 2 , D. Steinmann 2 , 
and W. H. Koppenol 2 

‘Department of Biological Sciences, Macquarie University, 

Sydney, Australia 

department of Chemistry and Applied Biosciences, Institute of 
Inorganic Chemistry, Swiss Federal Institute of Technology, 

Zurich, Switzerland 

Hydroxyl radicals and peroxynitrous acid oxidize proteins, which 
ultimately results in their denaturation. Random radical generation on 
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the surface of the protein without dioxygen present leads to intra¬ 
molecular electron transfer, with the last step the oxidation of tyrosine 
by the tryptophanyl radical. In the presence of dioxygen aliphatic 
radicals form oxidizing peroxyl radicals. Once a radical is formed, 
can it be repaired, does it react with dioxygen or is it “repaired” by 
intramolecular electron transfer? 

Glutathione repairs a tryptophan radical in lysozyme with a rate 
constant of (1.05 ± 0.05) x 105 M -1 s -1 , while ascorbate repairs 
tryptophanyl and tyrosyl radicals ca. three orders of magnitude faster. 
Glutathione generally reacts slowly, such that formation of peroxyl 
radicals cannot be prevented. These peroxyl radicals are reduced by 
glutathione to hydroperoxides, a process that cannot be characterized 
as a repair. Furthermore, the resulting thiyl radical is capable of 
hydrogen abstraction. Although physiologically not significant, sele- 
noglutathione reduces tyrosyl radicals as fast as ascorbate. The 
reaction of protein radicals (insulin, jS-lactoglobulin, pepsin, chymo- 
trypsin, and bovine serum albumin) with ascorbate is competitive 
with dioxygen, leaves an innocuous ascorbyl radical, and is therefore 
a true repair. The well-documented loss of ascorbate in living 
organisms subjected to oxidative stress may result from repair of 
protein radicals. 

A catalytic role for cysteine thiyl radicals 
in oxidative protein damage 

Christian Schoneich 

Department of Pharmaceutical Chemistry, The University 
of Kansas, Kansas City, KS, USA 

Redox modification represents a major degradation pathway for 
proteins in vivo and in vitro. The parameters controlling protein 
oxidation are not as well understood as it would be desirable to 
rationally predict the sensitivity of proteins towards oxidation. An 
important feature of the reaction of a protein with a reactive oxygen 
species/free radical is that the initial site of attack may not necessarily 
represent the final location of an oxidation site. In this presentation, 
we will demonstrate the potential of Cys residues to serve as a point 
of primary attack with intermediary Cys thiyl radicals subsequently 
attacking other amino acids within the protein sequence. Thiyl radi¬ 
cals can either involve in reversible hydrogen transfer reactions, 
electron transfer, or in addition reactions to aromatic amino acid 
residues. The yields of these reactions depend on primary and sec¬ 
ondary structure. An important feature of the hydrogen transfer 
reactions is the formation of carbon-centered radicals at the peptide 
backbone. The latter may serve as origin for the formation of peroxyl 
radicals. In addition, reverse hydrogen transfer from the thiol may 
lead to the formation of D-amino acids, and examples for such reac¬ 
tions will be provided. 


Why do proteins use selenocysteine instead 
of cysteine? 

Thomas Nauser, Daniel Steinmann, and Willem H. Koppenol 

HCI H225, Laboratorium fur Anorganische Chemie, ETH, 

Zurich, Germany, nauser@inorg.chem.ethz.ch 

Thiyl radicals abstract hydrogen from a protein backbone within 
microseconds, whereas selanyl radicals cannot. Carbon centered 
radicals produced by hydrogen abstraction at the protein backbone 
react with oxygen to form peroxyl radicals and thus initiate a broad 
range of unwanted reactions. 


Selenocysteine catalyses the formation of disulfide bonds from 
thiols and vice versa. This fact has been used as reason for the bio¬ 
logical use of selenocysteine. However, a thioredoxin reductase 
equipped with a GCUG active site has the same activity as one with 
SCCS. The expensive incorporation of selenocysteine does not 
improve its primary function, the catalysis of two-electron transfers. 
However, if one-electron transfers occur, selenium would protect 
from the formation of thiyl radicals and its deleterious conse¬ 
quences—thereby increase the lifespan of the protein and prevent the 
formation of protein hydroperoxides. 

After one electron reduction of (RSe-SR') to (RSe.'.SR')" the 
resulting three electron bonded species will immediately dissociate to 
a thiol and a R’Se" radical. In the sulfur-only analog, approximately 
30% of the species are dissociated in equilibrium. Nevertheless, the 
high reactivity of the thiyl radicals is expected to result in consider¬ 
able damage to the protein. 


Manganese superoxide dismutase: beyond life 
and death 

Daret St. Clair 

University of Kentucky, Lexington, KY, USA 

Manganese superoxide dismutase (MnSOD) is a nuclear-encoded 
antioxidant enzyme that localizes to the mitochondria. Expression of 
MnSOD is essential for the survival of aerobic life. Transgenic mice 
expressing luciferase reporter gene under the control of the human 
MnSOD promoter demonstrate that the level of MnSOD is reduced 
prior to the formation of cancer. Overexpression of MnSOD in 
transgenic mice reduces the incidences and multiplicity of papillomas 
in the DMBA/TPA skin carcinogenesis model. However, MnSOD 
deficiency does not lead to an enhanced tumorigenicity of skin tissue 
similarly treated because MnSOD can modulate both the p53 medi¬ 
ated apoptosis and AP-1 mediated cell proliferation pathways. 
Apoptosis is associated with an increase in mitochondrial levels of 
p53 suggesting a link between MnSOD deficiency and mitochondrial- 
mediated apoptosis. Activation of p53 is preventable by application of 
a SOD mimetic (MnTE-2-PyP 5+ ). Thus, p53 translocation to mito¬ 
chondria and subsequent inactivation of MnSOD explain the observed 
mitochondrial dysfunction that leads to transcription-dependent 
mechanisms of p53-induced apoptosis. Administration of MnTE-2- 
PyP 5+ following apoptosis but prior to proliferation leads to sup¬ 
pression of protein carbonyls and reduces the activity of AP-1 and the 
level of proliferating cellular nuclear antigen, without reducing the 
activity of p53 or DNA fragmentation following TPA treatment. 
Remarkably, the incidence and multiplicity of skin tumors are dras¬ 
tically reduced in mice that received MnTE-2-PyP 5+ prior to cell 
proliferation. The results demonstrate the role of MnSOD beyond its 
essential role for survival and suggest a novel strategy for an anti¬ 
oxidant approach to cancer intervention. 


Free radical control of signal transduction pathways 
during cancer therapy 

Fang Li, Frank Wolf, Wenrong Li, Qian Huang, Jingping Shen, 
and Chuan-Yuan Li 

Department of Radiation Oncology, University of Colorado 
Denver, Aurora, CO, USA 

Free radicals play key roles in cancer therapy. Many cancer 
treatment agents, including radiation therapy and a variety of 
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chemotherapeutic agents, inflict damage to cancer cells through 
generation free radicals. Our group has investigated the roles of 
free radicals in tumor response to radiation therapy. Specifically, 
we have studies how tumors activate various signal transduction 
pathways to counter the tumoricidal effects of ionizing radiation. 
We have focused on several known pathways, i.e., the hypoxia- 
inducible factors (HIF), the epidermal growth factor response 
pathways, and the apoptotic pathways. In each of these pathways, 
we have designed novel molecular imaging reporter systems to 
monitor the activities of the pathway in vivo. Our reporters are 
based on the firefly luciferase which allows for non-invasive 
imaging of tumor cells in mice, which greatly facilitates the study 
the signal transduction pathways in vivo. Using these molecular 
imaging reporters, we have been able to investigate the roles of 
reactive oxygen and nitrogen species in tumor response to radio¬ 
therapy in vivo. In one example, we have identified a key role for 
nitric oxide in mediating the stabilization of HIF-la in tumor cells. 
This stabilization is hypoxia-independent and mediated through the 
S-nitrosylation of a cysteine residue in the HIF-la protein. The 
stabilized HIF-la mediated increased VEGF secretion and vascular 
survival, which plays key roles in tumor repopulation after radio¬ 
therapy. In summary, the use of our molecular imaging promoters 
has allowed us to gain significant mechanistic insights into the 
molecular pathways involved in tumor response to cytotoxic 
therapy. 


Targeting nitroxidative stress in acute and chronic 
pain 

Daniela Salvemini 

Department of Internal Medicine, Division of Pulmonary, Critical 
Care and Sleep Medicine, Saint Louis University School of 
Medicine, Saint Louis, MO, USA 

Pain is a significant global health problem. The economic impact 
of pain is equally large at approximately $100 billion annually in 
the USA alone. While selective cyclooxygenase-2 inhibitors are 
effective for several forms of chronic pain, their occasional side- 
effects including increased risks of heart attack and stroke 
prompted the precipitous withdrawal of some of them (i.e. Vioxx) 
from the market in 2004. Morphine sulfate and other opiate/nar¬ 
cotic analgesics are the most effective treatments for acute and 
chronic severe pain. However, their clinical utility is often ham¬ 
pered by the development of analgesic tolerance which necessitates 
escalating doses to achieve equivalent pain relief. This complex 
pathophysiological cycle contributes significantly to decreased 
quality of life in the growing population of subjects with chronic 
pain due to oversedation, reduced physical activity, respiratory 
depression, constipation, potential for addiction, and other side- 
effects. Considerable evidence implicates nitroxidative stress in the 
development of pain of several etiologies and importantly in opiate 
antinociceptive tolerance, caused by the presence of superoxide, 
nitric oxide and more recently peroxynitrite that is the product of 
their interaction. I will discuss the importance of nitroxidative 
stress in acute and chronic pain and will argue that peroxynitrite is 
a rational target for therapeutic intervention in pain management. 
These concepts provide a pharmacological basis for developing 
inhibitors of peroxynitrite biosynthesis as novel non-narcotic anal¬ 
gesics, thus addressing a large and currently unmet medical need 
with major socioeconomic consequences. 

Acknowledgments: Supported by: 1R01DA024074-01A1. 


Mil porphyrins suppress oxidative stress injuries 
through redox-based pathways 

Ines Batinic-Haberle 

Department of Radiation Oncology, Duke University Medical 
School, Durham, NC, USA 

Positively charged Mn(IIl)A'-alkylpyridy I porphyrins (MnP) possess 
electrostatic and thermodynamic facilitation for the reaction with 
superoxide (Oj - ) and peroxynitrite (ONOO - ); some members of the 
series are among most potent catalytic scavengers of those reactive 
species with logkct (O 2 ) equaling logk cill for the SOD enzymes and 
with k red (ONOO - ) > 10 7 M -1 s -1 . Reactive species (RS) are widely 
viewed as signaling molecules controlling cellular transcriptional 
activity. Thus, by scavenging RS, MnPs prevent activation of redox- 
active transcription factors AP-1, NF-kB, and HIF-la, and in turn 
attenuate oxidative stress in animal models of cancer, central nervous 
system (CNS) disorders, radiation, diabetes, chronic morphine toler¬ 
ance, ischemia/reperfusion, etc. MnPs suppress radiation damage 
even when given 8 weeks after radiation due to the suppression of 
HIF-mediated secondary inflammatory pathways. One-week intra- 
cerebroventricular administration of MnTDE-2-ImP, starting 90-min 
post middle-cerebral-artery occlusion, caused reduction in cerebral 
infarct size and neurologic deficit at 8 weeks post-ischemia, due to 
reduction of primary oxidative stress and suppression of NF-kB- 
mediated secondary inflammation. Factors other than redox-based 
antioxidant potency, primarily lipophilicity, also contribute to in vivo 
efficacy. MnTnHex-2-PyP possesses same antioxidant potency as 
MnTE-2-PyP and MnTDE-2-ImP but is 13,800- and 2,000-fold more 
lipophilic, accumulates more in cells and is up to 120-fold more 
efficacious in vivo. MnTnHex-2-PyP is superior where transport 
across lipid membranes is critical, i.e. in CNS injuries. MnTnHex-2- 
PyP, but not MnTE-2-PyP, showed remarkable efficacy in rabbit 
model of cerebral palsy, and is potent in stroke model even when 
given intravenously at 6 h post-ischemia (0.225 mg/kg), followed by 
one week subcutaneous injections. 

Acknowledgments: U19AI67798-01-04, Coulter Translational 
Funding, NIHR01DA024074. 


Zn(II) N-alkylpyridy 1-porphyrin photosensitizers 
target structural proteins and enzymes: Impact 
of lipophilicity 

Ludmil Benov 1 , James Craik 1 , and Ines Batinic-Haberle 2 

'Department of Biochemistry, Faculty of Medicine, Kuwait 
University, Safat, Kuwait, lbenov@hsc.edu.kw 
department of Radiation Oncology, Duke University Medical 
Center, Durham, NC, USA, ibatinic@duke.edu 

It is generally accepted that the main cell-damaging factor in 
photodynamic therapy (PDT) is singlet oxygen. Because of its 
short life, '02 damages targets in close proximity of its site of 
formation, which in turn is determined by the cellular localization 
of the photosensitizer. Porphyrins offer almost limitless possibilities 
for modifications, which can affect cellular uptake and distribution 
of the photosensitizer. Aliphatic substitutions in the periphery of 
the porphyrin ring, modulating the hydrophobicity of the molecule, 
will favor its partition into membrane lipid bilayers or in the 
hydrophilic regions of the cell. Thus, by proper modifications, 
porphyrin-based photosensitizers, and as consequence PDT-induced 
call damage, can be directed to selected cellular compartments. We 
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have found that upon illumination with visible light, Zn(II) N- 
alkylpyridyl-porphyrins (ZnP) kill bacteria and tumor cells with 
efficiency exceeding that of a classical photosensitizer, hemato- 
porphyrin derivative (HpD). Illumination of cells loaded with 
hydrophilic ZnPs inactivate glucose-6-phosphate dehydrogenase, 
glyceraldehyde-3-phosphate dehydrogenase, lactate dehydrogenase, 
NADP + -linked isocitrate dehydrogenase, aconitase, and fumarase. 
ZnPs also cause photo-dependent crosslinking of membrane pro¬ 
teins, and irreversible membrane damage. Increases in the 
hydrophobicity of the ZnP molecule, by attachment of longer ali¬ 
phatic chains to the porphyrin periphery, increased ZnP 
accumulation in cell membranes and augmented photosensitizer 
efficiency by one order of magnitude. 


Peptide probes for molecular imaging 

Molecular imaging of malignant melanoma 
with novel PET probes 

G. Ren, H. G. Liu, Z. Miao, L. Jiang, and Z. Cheng 

Molecular Imaging Program at Stanford (MIPS), Department of 
Radiology and Bio-X Program, Stanford University, California, 

USA 

Malignant melanoma is one of the most lethal cancers, and it repre¬ 
sents a significant public health problem in Europe and the United 
States. Early diagnosis and accurate staging of melanoma is crucial 
for improvement of the survival of melanoma patients. Positron 
emission tomography (PET) is a promising technology for non- 
invasively imaging micrometastases. PET coupled with a proper 
imaging probe may provide oncologists a highly sensitive procedure 
for early detection of melanoma and accurate staging of high-risk 
melanoma patients. A variety of PET probes have been developed for 
imaging different melanoma associated molecular targets in our lab¬ 
oratories. These targets include melanin, melanocotin receptor 1 
(MC1R), and integrin a v /? 3 . The application of these PET probes for 
melanoma imaging will be reviewed and discussed in this 
presentation. 

Phage display-derived ErbB-2-targeting peptides 
for cancer imaging 

Susan L. Deutscher 1 and Harry S. Truman 2 

'Biochemistry, University of Missouri, Columbia, MO, USA 
2 Veterans Hospital, Columbia, MO, USA 

Small peptides are effective vehicles for targeted delivery of radio¬ 
nuclides for imaging and therapy due to their ability to bind specific 
targets on human cancers. The ErbB-2 receptor contributes to the 
invasion and progression of several cancers including those of the 
breast, prostate and ovary. In this study we investigated the ability of 
a hexameric peptide, KCCYSL, selected through bacteriophage 
(phage) display against the ErbB-2 receptor, to bind breast and 
ovarian carcinoma cells. The bifunctional-chelator DOTA was 
attached to the KCCYSL peptide and radiolabeled with m In for 
single photon emission computed tomography (SPECT/CT) imaging, 
and the chelators CB-TE2A and NOTA were coupled to the peptide 
for labeling with 64 Cu for positron emission computed tomography/ 
CT imaging. In vitro breast and ovarian carcinoma cell binding 


studies were performed. In vivo biodistribution and imaging studies 
with the radiolabeled peptides were evaluated in human breast and 
ovarian tumor xenografted SCID mice. 

The radiolabeled peptides bound to human MDA-MB-435 breast 
and Ovcar-3 ovarian carcinoma cells with high specificity as deter¬ 
mined by the competition studies. Evaluation of cell binding data 
indicated that the radiolabeled peptides exhibited ICso’s of ~50.0 
nM. In vivo biodistribution studies demonstrated radiolabeled peptide 
accumulation in tumors. Little or no accumulation occurred in other 
organs except the kidney and liver and depended on the chelate and 
radionuclide utilized. Imaging studies showed good tumor uptake for 
all peptides after 1-2 h post-injection. Thus, the phage display 
derived peptide once radiolabeled with lu In or <>4 Cu, can function as 
a non-invasive in vivo imaging agent of human ErbB-2-expressing 
tumors. 


Direct 18 F-labeling of peptides for imaging gastrin 
releasing peptide receptor expression 

Ananth Srinivasan, Sandra Borkowski, Keith Graham, 
and Timo Stellfeld 

Bayer Schering Pharma, Berlin, Germany 

Positron emission tomography allows the visualization of human 
physiology by detection of short-lived positron emitting targeted ra¬ 
diopharmaceuticals. It is the only non-invasive technology that can 
routinely and quantitatively measure metabolic, biochemical and 
functional activity in living tissue. 

Due to their favourable pharmacokinetics, peptides are attractive 
tools for the visualization and assessment of pathological tissue. 
Even though several methods for the attachment of a positron 
emitting nuclide to peptides have been developed, commercializa¬ 
tion of such tracers is hampered by insufficient labelling yields, 
low specific activities, or time consuming multi-step labelling 
methods. 

The aim of the presented research is the development of reliable, 
high affinity one-step labelling of peptides using F-18 potassium 
fluoride. Based on the reactivity of the fluoride ion, different methods 
for the direct fluorination were evaluated and successfully used for the 
labelling of a GRP receptor targeting peptide. The resulting fluorine- 
18 labelled lead peptide shows high tumor uptake in PC-3 and LnCaP 
xenograft mice models. 


Tissue-specific homing peptides for molecular 
imaging of apoptosis 

Kai Wang 1 , Ji-Young Lee 1 , Jong-Ho Kim 1 , Yu-Kyoung Oh 2 , 
Ick-Chan Kwon 3 , In-San Kim 1 , and Byung-Heon Lee 1 

'Department of Biochemistry and Cell Biology and Cell and 
Matrix Research Institute, School of Medicine, Kyungpook 
National University, Daegu, Korea 
2 Korea University, Seoul, Korea 

3 Korea Institute of Science and Technology, Seoul, Korea 

Apoptosis plays an important role in the pathogenesis of a variety of 
diseases, such as cancer, myocardial and cerebral ischemia, and 
neurodegenerative diseases. Imaging apoptosis, therefore, may be 
essential for the management of these diseases. Annexin V, a pro¬ 
tein that binds to phosphatidylserine on apoptotic cell surface, is 
currently the most popular probe for imaging apoptosis. Small 
peptides might be a potential alternative to bulky proteins or 


*£) Springer 





11th International Congress on Amino Acids, Peptides and Proteins 


S39 


antibodies for diagnostic applications. They often have better tissue 
penetration and less possibility of immunogenicity. Using phage 
display technology, we have identified a peptide probe that targets 
apoptotic cells and named it ApoPep-1 (apoptosis-targeting peptide- 
1). When injected intravenously into nude mice bearing a tumor 
xenograft, fluorescein-conjugated ApoPep-1 selectively homed to 
apoptotic at tumor tissues, which was demonstrated by TUNEL and 
caspase staining. Moreover, ApoPep-1 bound to etoposide-induced 
apoptotic tumor cells on culture at higher levels than that to non- 
apoptotic cells. In vivo imaging of mice after systemic administra¬ 
tion of Cy7.5-conjugated ApoPep-1 demonstrated a strong near- 
infrared fluorescence signal at tumors of doxorubicin-treated mice as 
compared to untreated control mice. Little fluorescence signal was 
observed at tumors of doxorubicin-treated mice injected with a 
control peptide. These results suggest that ApoPep-1 is a promising 
probe for imaging apoptosis of tumor and monitoring tumor 
response to therapy. 


Landscape phage probes for human cancer cells 

Valery A. Petrenko 

Auburn University, Auburn, USA 

Rapid identification of probes that recognize specific cells in living 
body would have far-reaching applications in medical science for 
identification of specific molecular targets, in vivo imaging, and 
navigating cytotoxic medicines to a site of disease. The concept of 
using phage display libraries for selection of targeting ligands has 
been proved for the past decade both in cell culture, model animal 
and clinical human patient settings. The selected phage-derived 
probes can be used for development of selective, stable, active and 
physiologically acceptable ligands that would navigate the imaging 
label and anticancer therapeutics to the tumor site. Here we 
describe a new source of bioselective imaging probes with 
enhanced performance—landscape phage—substitute antibodies 
with high selectivity, affinity and stability. The phage borne breast, 
prostate and glioma tumor-specific peptides genetically fused to the 
phage major coat protein have been affinity selected by their ability 
to specifically bind cancer cells, and/or penetrate into the cells. The 
selected tumor-specific phage can he converted into imaging probes 
by their conjugation with imaging labels. Thus, the major principle 
of the phage probe concept is that targeted phage-derived molec¬ 
ular probes recognize the same receptors, cells, tissues and organs 
that have been used for selection of the precisely targeting land¬ 
scape phage. Using bioselected phage particles—naturally 
assembled structurally perfect multivalent peptide dendrimers, as 
diagnostic probes can provide much higher selectivity and sensi¬ 
tivity of analysis in comparison with individually synthesized 
peptides. 


Molecular imaging of the receptor for advanced 
glycation endproducts 

Jens Pietzsch and Susan Hoppmann 

Department of Radiopharmaceutical Biology, Institute of 
Radiopharmacy, Research Center Dresden-Rossendorf, Germany 

The receptor for advanced glycation endproducts (RAGE) is a 
member of the immunoglobulin superfamily and has been impli¬ 
cated in the pathogenesis of various disorders including 
inflammatory processes and cancerogenesis. However, data 


concerning the functional expression of RAGE in inflammatory 
compartments and other pathologies in vivo are scarce. We report a 
multi-radiotracer approach using radiolabeling of various RAGE 
ligands, including glycated low-density lipoproteins (glycLDL), 
glycated albumin (glycBSA), and S100 proteins (S100B and 
S100A12) with the positron emitter fluorine-18 ( 1S F) and the 
application of ls F-labeled RAGE ligands in dynamic small animal 
positron emission tomography (PET) studies. Radiolabeling of pro¬ 
teins was performed by conjugation with A-succinimidyl-4- 
[ 18 F]fluorobenzoate ([ ls F]SFB) causing no adverse alterations of the 
biological functionality of the proteins in vitro. Biodistribution and 
metabolite studies in rodent normal, inflammatory, and tumor 
models revealed high stability for the 1S F-RAGE ligands in vivo. 
The in vivo kinetics of 1S F-RAGE ligands, with or without presence 
of specific ligands or inhibitors of RAGE and, additionally, various 
scavenger receptors, in rodent models was quantified by PET, and 
correlated well with the anatomical localization of RAGE, e.g., in 
lung, endothelium, inflammatory lesions, and tumors. ls F-radiola- 
beling of glycLDL, glycBSA, and S100 proteins and the use of 
small animal PET provide a potential approach to measure the 
functional expression of RAGE under normal and pathophysiologi¬ 
cal conditions in vivo. 

Acknowledgments: Supported by Deutsche Forschungsgemeinschaft 
(Pi 304/1-1). 

Peptide use for drug delivery 
and imaging 

Cell-penetrating peptides in design, synthesis 
and applications of oligonucleotide delivery 

Ulo Langel 

Department of Neurochemistry, Stockholm University, 

Stockholm, Sweden 

Recent achievements and our recent data are summarized on 
improved drug delivery by cell-penetrating peptides on the variety of 
different cargoes including: DNA, PNA, mRNA, peptides and pro¬ 
teins. These cargoes are applied to regulate gene expression in live 
cells as decoy dsDNA, antisense and siRNA oligonucleotides. The 
peptides are used as protein mimics participating in gene expression. 
We also report on tumour cell targeting by application of CPP in vivo; 
this technology holds great promise in further drug development for 
tumour treatment. 


Application of peptides in diagnostic imaging 

Matthew Morrison 

GE Healthcare, The Grove Centre, White Lion Road, Amersham, 
Buckinghamshire, HP7 9LL, UK 

The discovery that certain tumour types over-express receptors for 
peptide hormones dates back to the mid 1980s. For example, the 
high level of expression of somatostatin receptors on various 
tumours has provided the molecular basis for the successful use of 
radiolabelled somatostatin analogues ( ul In-DTPA-[D-Phel]-octreo- 
tide) as tumour tracers in nuclear medicine. Since then, there has 
been a growth in the development of radiolabelled peptides for 
diagnostic applications, primarily driven by the fact that peptides 
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have the ideal characteristics for nuclear imaging: reproducible 
radiolabelling, fast in vivo clearance, rapid tissue penetration and 
low antigenicity. 

For evaluation of tumour receptor expression, different radiola- 
belled peptide analogues such as somatostatin, cholecystokinin, 
gastrin, bombesin, substance P, vasoactive intestinal peptide, neuro¬ 
peptide-Y and glucagon-like peptide-1 analogues have all been 
developed and most recently, peptides targeted to integrins such as 
the av/13//i5 integrin, over-expressed during the process of tumour 
growth. 

Within GE Healthcare we have developed an ls F-radiolabeled 
small peptide (AH111585) containing an RGD (Arg-Gly-Asp) 
sequence which binds with high affinity to y.\[S3/fS5 integrin, a cell 
adhesion receptor that is highly expressed on tumor neovasculature, 
but expressed at low levels on mature endothelium and epithelial 
cells. We have demonstrated specific tumour uptake of this radiola- 
belled peptide both preclinically and clinically. In addition, 
[ 1S F] AH111585 has also been used to examine the response of human 
tumor xenografts to treatment with novel anti-angiogenic therapies. 

In summary, radiolabelled peptides continue to offer new horizons 
for diagnostic imaging, and will enhance our understanding of how 
novel therapeutic strategies impact upon tumours. 


Cell penetrating peptides: design, cellular 
trafficking and applications to the delivery 
of oligonucleotides 

F. SaidHassane 1 , G. Ivanova 2 , R. Abes 1 , S. ElAndaloussi 3 , 

E. Bolewska-Pedyczak 4 , H. Moulton 5 , J. Gariepy 4 , U. Langel 3 , 

M. Gait 2 , and B. Lebleu 1 

'UMR 5235 CNRS, Universite Montpellier 2, Montpellier, 

laboratory of Molecular Biology, Medical Research Council, 
Cambridge, UK 

department of Neurochemistry, Stockholm University, 

Stockholm, Sweden 

department of Medical Biophysics, University of Toronto, 

Toronto, ON, Canada 

5 AVI BioPharma, Corvallis, USA 

Improved delivery strategies for biomolecules as peptides or nucleic 
acids have long been searched for since poor translocation across 
membrane barriers is a major limitation for many of their clinical 
applications. While efficient for the delivery of conjugated peptides or 
of fused proteins, cell penetrating peptides (CPP) as Tat48-60, Pe- 
netratin or oligoArg have turned out to be poorly efficient for the 
transfection of steric-block oligonucleotides (ON). 

We have designed Arg-rich CPPs such as (RAhxR) n (in which Arg 
residues are interspersed with 4-aminohexanoic acid) or Pip (a series 
of Arg-extended Penetratin derivatives engineered for improved 
metabolic stability) which are able to deliver neutral steric-block ON 
analogs (PNA, PMO) at micromolar concentrations as attested by 
redirection of the splicing machinery in both in vitro and in vivo 
assays. However, mechanistic studies indicate that most of the 
transfected ONs remain entrapped in endocytic vesicles thus leaving 
room for much improvement. 

Ongoing efforts are geared towards identifying CPPs with 
improved endosomal escape and at setting up assays to monitor this 
limiting step in ON-CPP intracellular trafficking. The potential of 
CPP oligomerization and of CPP derivatization with fatty acids chains 
will be reported. We also propose liposome leakage to monitor the 
membrane destabilization potential of CPPs and as a potential con¬ 
venient assay to model endosome escape. 


pHLIP technology for imaging and drug delivery 

Oleg A. Andreev 1 , Donald M. Engelman 2 , 
and Yana K. Reshetnyak 1 

'Physics Department, University of Rhode Island, Kingston, RI, 
USA 

2 Department of Molecular Biophysics and Biochemistry, Yale 
University, New Haven, CT, USA 

We have discovered a peptide, pHLIP (pH Low Insertion Peptide), 
that targets cells in the acidic tissues that result from a range of 
pathological states, including tumors, and that can also translocate 
cell-impermeable cargo molecules across cell membranes in a pH- 
dependent manner. pHLIP has three major states in equilibrium: 
soluble in water at normal pH (state I), bound to the surface of a 
membrane near neutral pH (state II, type I and H), and inserted across 
the membrane as an a-helix at mildly acidic pH (state IH). A drop of 
pH leads to the protonation of two Asp residues in the transmembrane 
region, increasing peptide hydrophobicity, which results in the 
insertion and formation of a transmembrane a-helix (state III), the 
process which is accompanied by an energy release of about 1.8 kcal/ 
mol. The insertion of pHLIP into a membrane is unidirectional: the 
C-terminus goes inside a cell or vesicle, and the N-terminus stays 
outside. The energy released during folding and insertion can be 
utilized for the translocation of a passenger molecule across a 
membrane. pHLIP possesses dual delivery capabilities: it can inject 
and release cargo molecules into the cytoplasm and/or it can tether 
cargo molecules to the cell surface. In the first scenario, a cargo 
molecule is attached to the pHLIP C-terminus via a cleavable S-S 
bond while in the second it is conjugated to the N-terminus via a non- 
cleavable bond. 


pH and thermoresponsive hydrogels of a novel class 
of A'-acvl peptides. Characterization, drug 
encapsulation and release study 

Amrita Pal, Saurabh Shrivastava, and Joykrishna Dey 

Department of Chemistry, Indian Institute of Technology, 

Kharagpur, India, joydey@chem.iitkgp.emet.in 

Hydrogels of low-molecular-weight gelators (LMWGs) that can 
reversibly respond to external stimuli, such as pH, heat, light, and salt 
have attracted tremendous attention in the recent literature because of 
their potential applications in pharmaceutical industry as soft mate¬ 
rials for drug delivery and tissue engineering. The stimuli-responsive 
property is also very appealing in the field of biological applications 
because of the specific pH requirements for many biological systems. 
For these applications biocompatibility of the gel-forming materials is 
very important. Various LMWGs capable of forming hydrogels have 
been reported in the literature. Among these peptide-based gelators 
have gained importance because of biocompatibility of the constituent 
materials (amino acids). 

In this presentation, gelation behavior of a series of peptide-based 
amphiphilic gelators, /V-(4-n-alkyloxybenzoyl)-L-carnosine, in water 
will be discussed. These hydrogelators have reasonably high gelation 
numbers at neutral pH. The gelation number decreased when pH was 
decreased to 2.0. At any given pH, an optimum value of gelation 
number and gel melting temperature was observed with the C16 
amphiphile. These two parameters were found to be sensitive to pH 
change. Being physical gels all the hydrogels exhibit thermorespon¬ 
sive behavior; they were found to have good thermal stability and 
mechanical strength. However, thermal stability decreased upon 
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addition of salt. The hydrogels were characterized using techniques, 
such as SEM, XRD, and rheology. The release kinetics of some 
encapsulated prescription drugs has been investigated. Hydrophilic 
drugs were observed to be released faster than hydrophobic drugs. 
Biocompatibility and toxicity of the gelators were also evaluated. 


Peptides: chemistry and biology 


Peptides from the Sea as source of new drugs 

Fernando Albericio 1 ’ 2 , Judit Tulla-Puche 1 , Nuria Bayo-Puxan 1 , 

Javier Ruiz 2 , and Jan Spengler 3 

'institute for Research in Biomedicine, Barcelona Science Park, 
Barcelona, Spain 

department of Organic Chemistry, University of Barcelona, 
Barcelona, Spain 

Peptides natural products are an important source for potential drug 
candidates. Some of these peptides show a heterodetic structure 
with disulfide, ester or thioester bonds together with the peptide 
bond. Depsipeptides, such as Kahalalide F, and Aplidine (both at 
clinical phase II for several cancers) or Romidepsin and thiodep- 
sipeptides, such as thiocoraline show very often poor pharmokinetic 
properties. Substitution of the O or S by NH lead very often to an 
important loss of the activity as it has been shown in Triostin A, 
another depsipeptide, and very recently in Thiocoraline. 

Herein, the NMe amide as the hest isostere for the ester and 
thioester bond will be proposed. Thus, several strategies will dis¬ 
cussed for the synthesis of oxa-, aza-, and NMeaza-thiocoraline, 
which involve the use of a myriad of classical protecting groups 
(Fmoc, pNZ, Alloc, Boc, Trt) as well as the new one by con- 
formationally restricted mobility. Furthermore, optimization of the 
coupling steps using phosphonium and aminium HOAt-based, or 
even DIC with the less reactive HOSu will be described. The main 
conclusion of the present work is that replacement of a thioester 
bridge by a /VMe amide in Thiocoraline results in a compound with 
nanomolar activity. 

Furthermore, a new topological concept will be introduced: 
Siamese peptides, which are cyclic peptides that share a bond. This 
concept will be illustrated taking as model the depsipeptide 
Sansalvamide. 

Finally, the use of nanotechnologies for drug delivery to overcome 
the problems associated with the poor pharmacokinetic properties of 
natural product based drugs will be discussed. 

Diversity-oriented solid-phase synthesis 
of cyclodecapeptides on the scaffold of natural 
laterocidin for antibiotic screening 

Chuanguang Qin, Ruijie Zhang, Qiuyu Wang, Jin Ren, 
and Linqi Tian 

Faculty of Life Science, Northwestern Polytechnical University, 
Xi’an, China, qinchg@nwpu.edu.cn 

Cyclopeptides represent a large and interesting class of bioactive 
molecules displaying a broad spectrum of significant biological 
activities. Synthesis of head-to-tail cyclopeptides has attracted a 


considerable interest since the antibiotic gramicidin S was found to be 
a cyclodecapeptide. Many antibiotics and toxins are also known to be 
cyclopeptides. Due to the growing interest that cyclic peptides have 
generated, intense efforts have been invested in developing efficient 
methods for peptide cyclization. 

Laterocidin is a novel cyclodecapeptide antibiotic isolated from 
laboratory cultures of a bacterial strain (Brevibacillus laterosporus 
VKPM B-8287). It exhibits distinctive potent antibiotic activities 
among the family of cyclopeptide antibiotics that include gramicidin 
S, tyrocidines, streptocindins and loloatins. To facilitate the struc¬ 
ture-activity relationships study, novel and facile synthetic methods 
are highly desirable although these natural products have been 
synthesized by traditional methods. Based on structure characteristic 
of natural laterocidin, here we report a novel method for total solid- 
phase synthesis of laterocidin and its analogues by using Dmab 
group as a temporary a-COOH protecting group during solid-phase 
synthesis with Fmoc chemistry. This synthetic method for the nat¬ 
ural products will not only expedite the elucidation of the structure- 
activity relationships, but also significantly facilitate the optimiza¬ 
tion of their therapeutic index for containment of microbial 
resistance. 

Acknowledgments: This work was financially sponsored by the 
National Natural Science Foundation of China (NSFC 20672086), the 
Scientific Research Foundation for the Returned Overseas Chinese 
Scholars, State Personnel Ministry of China (2007) and Basic 
Research Foundation of Northwestern Polytechnical University 
(JC200824). 


Antifreeze glycopeptide analogs: synthesis, 
structural, and functional analysis 

Carotin Plattner 1 , Lilly Nagel 1 , Carsten Budke 2 , Thomas Koop 2 , 
and Norbert Sewald* 

'Organic and Bioorganic Chemistry, Bielefeld University, 

Bielefeld, Germany 

2 Physical Chemistry, Bielefeld University, Bielefeld, Germany 

Biological antifreezes enable life in subpolar seas at water tempera¬ 
tures as low as — 1.9°C. There are four classes of structural diverse 
antifreeze proteins (AFPI-IV) and a single class of antifreeze glyco¬ 
proteins (AFGP), the latter being further divided into eight subtypes 
according to the covered mass fraction. In case of AFGP, little is 
known about the molecular mechanism of antifreeze activity due to 
the tedious purification from natural sources and challenging syn¬ 
thesis of heavily glycosylated peptides. 

All AFGP consist of a varying number of —(Ala-Ala-Thr)„— 
(n = 4—50) with every threonine side chain being glycosylated with 
/)-D-galactosyl-(l -3)-x-/V-acetyl-D-galactosamine. This pattern is 
highly conserved among different species. Minor sequence variations 
where alanine is substituted by proline or the glycosylated threonine 
by arginine are biologically active. The proteins and peptides initiate 
thermal hysteresis, change the crystal habit and suppress recrystalli¬ 
zation and heterogeneous ice nucleation. Although essential moieties 
of the peptides are known, the protein/peptide-ice interface is not yet 
understood. Especially, the account of sequence variations has barely 
been elucidated. Solid phase peptide synthesis enables the preparation 
of peptides containing proline and other structure inducing amino 
acids. The synthesis has been accomplished successfully using HATU 
activation and microwave-assistance during the cycles. The peptides 
have been structurally analyzed by NMR and CD. Furthermore, their 
activity has been tested by examining the recrystallization inhibition. 
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A protein chimera with a beta/gamma-motif 
mimicking alpha-helical turns 

B. Koksch, R. R. Araghi, C. Baldauf, and M. T. Pisabarro 

Department of Chemistry and Biochemistry, Free University 
Berlin, Berlin, Germany, koksch@chemie.fu-berlin.de 

The complex behaviour of proteins has inspired widespread interest in 
unnatural biopolymers that mimic certain folding motifs and have 
protein-like functions. The main advantage of such artificial peptides 
would be their stability towards proteolytic degradation which is a 
key feature in the development of peptide-based drags. One way to 
derive such compounds is the homologation of the a-amino acid 
backbone to [i- and y-amino acids. Investigations on such oligomers 
have shown their enormous potential for secondary structure design. 
Our main goal is to generate synthetic foldamers based on /i/y-hybrid 
peptides that fold into stable helices. 

According to ab initio MO studies hybrid peptides composed of 
alternating f5- and y-amino acids are very well suited to adopting a- 
helical coiled coil-like conformations. We selected a a-helical coiled 
coil forming sequence as the basis peptide. This peptide carries 
exclusively Lysine residues in e and g positions of the heptad repeat. A 
subset of a- amino acids within the middle part of B was replaced with 
an alternating sequence of fi- and y-amino acids to generate a Ifily- 
hybrid peptides B(3/J2y) and B(5/J4y). A second coiled coil-based 
peptide was designed as interaction partner for B, which exclusively 
presents Glutamic acid residues in positions e and g of the heptad repeat. 

The interaction potential of the hybrid peptide B with the natural 
sequence A as well as the stability of hetero-oligomer formation was 
investigated by CD spectroscopy. In addition, FRET experiments 
provide evidence of heterogeneous helix formation. The oligomeri¬ 
zation state was studied by analytical ultracentrifugation. 


Nucleopeptides with predictable 3D-architectures 

Piero Geotti-Bianchini 1 , Marco Crisma 1 , Cristina Peggion 1 , 

Alberto Bianco 2 , and Fernando Formaggio 1 
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Polyamide backbones with nucleo-bases as pendants have gained 
much attention in view of their potential applications in antisense 
therapy and immunotherapy. Indeed, such hybrid molecules are 
insensitive to phosphatase hydrolytic actions, while retaining (or even 
improving) polynucleotide complexation. 

By taking advantage of our long-standing experience in the syn¬ 
thesis and 3D-characterization of conformationally constrained alpha- 
amino acids and peptides, particularly those based on C-alpha-tetra- 
substituted a-amino acids, we designed and synthesized short, beta- 
turn- or helix-forming alpha-nucleo-peptides. Nucleo-base-containing 
residues (beta-substituted Ala) were inserted into host, homo-peptide 
stretches of Aib (alpha-aminoisobutyric acid). The primary structure of 
the longest peptides were designed in order to allow all nucleo-bases to 
be aligned on the same face of the helical molecules. These new nucleo¬ 
peptides are characterized by (1) markedly rigid backbones, (2) helical 
conformations (usually of the 3-10 type) and (3) high predictability of 
their 3D-stractures. Thus, they might be able to force a complementary 
polynucleotide chain to adopt unusual conformations 

Nucleopeptides with a lower percentage of Aib residues were also 
synthesized. Interestingly, they are able to cross the biological 


membranes without displaying any significant cytotoxicity. In addi¬ 
tion, they exhibit a remarkable resistance to the enzymatic 
degradation. Therefore, we believe these molecules are promising 
candidates for the development of new drags. 

Synthetic mimicry of the CD4-binding site of HIV-1 
gpl20 for the design of immunogens 

Raimo Franke 1 , Tatiana Hirsch 1 , Ursula Dietrich 2 , 

Kallle Mobius 3 , and Jutta Eichler 3 

'Helmholtz Centre for Infection Research, Braunschweig, 

Germany 

2 Georg-Speyer-Haus, Frankfurt, Germany 
3 University of Erlangen-Numberg, Erlangen, Germany 

Entry of the virus HIV-1 into T-lymphocytes is initiated by interac¬ 
tion of the HIV-1 envelope glycoprotein gpl20 with the cellular 
receptor CD4. The binding site of gpl20 for CD4 (CD4bs) represents 
a conserved region in this otherwise highly variable protein. Fur¬ 
thermore, the epitope of the broadly neutralizing anti-HIV-1 antibody 
mAh bl2 has been found to overlap the CD4bs. Synthetic mimetics of 
this binding site are therefore promising immunogen candidates for 
the elicitation of virus-neutralizing antibodies. 

Based on the X-ray crystal structure of core gpl20 in complex with 
two extracellular CD4 domains, we have designed and generated a 
range of scaffolded peptides, which present three gpl20 fragments that 
make up its discontinuous CD4bs. Some of these peptides were found to 
compete with gpl20 for binding to CD4 and mAb bl2, respectively. 

Polyclonal antisera raised against a CD4bs mimetic peptide were 
shown to recognize, with a specificity related to that of mAb bl2, 
gpl20 in its native trimeric conformation, as well as complete, 
membrane-bound trimeric HIV envelope protein. Ongoing studies 
addressing the issue of structural mimicry of the CD4bs of gpl20 by 
synthetic peptides, will guide the design of improved synthetic mi¬ 
metics of the CD4 binding site of gpl20 as immunogen candidates for 
the elicitation of broadly neutralizing anti-HIV-1 antibodies. 


Modified cryptophycins 

B. Sammet, T. Bogner, C. Weifi, M. Nahrwold, S. Eissler, 
and N. Sewald 

Department of Chemistry, Organic and Bioorganic Chemistry, 
University of Bielefeld, Bielefeld, Germany 

Cryptophycins are a class of 16-membered macrocyclic depsipep- 
tides. Cryptophycin-1 was isolated in 1990 from cyanobacteria. 
Several natural and artificial compounds of this class proved to be 
extremely cytotoxic. The bioactivity is based on their ability to 
interact with tubulin. They display striking antiproliferative activities 
both in vitro and in vivo with 100- to 1,000-fold increased potency 
compared to paclitaxel and vinblastine. Cryptophycins are also 
remarkably cytotoxic against several multidrag-resistant tumor cell 
lines and solid tumors. Cryptophycin-52 entered phase II clinical 
trials but failed due to its high neurotoxicity. 

As a consequence, our research group focuses on the synthesis of 
structurally modified cryptophycins. Recently, we also published a 
short and efficient synthesis of a cryptophycin unit A building block 
and are now able to present an even shorter synthesis of a new unit A 
building block via a modified Shi-epoxidation giving rise to a cis- 
epoxide in cryptophycin. So far, such a stereochemistry within the 
unit A fragment had only been available by altering the stereo¬ 
chemistry of cryptophycin-1 on small scale. 
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New orthogonally photocleavable thiol protecting 
groups in peptide chemistry 

Volker Hagen, Nico Kotzur, Benoit Briand, 
and Michael Beyermann 

Leibniz-Institute of Molecular Pharmacology, Berlin, Germany 

Photolabile protecting groups have numerous applications in 
chemistry and in biology as well. Their removal only requires light 
and allows a very mild deprotection of sensitive molecules. 
Therefore, the protection of biological signalling molecules by 
conversion into inactive light-sensitive derivatives is very attrac¬ 
tive, because they permit the controlled delivery of bioactive 
molecules without physically disturbing within organised biological 
systems with high temporal and spatial precision. Furthermore, 
photolabile groups are valuable tools to expand synthetic strategies 
in organic chemistry allowing for protecting COOH, OH, NH 2 , and 
SH functions. Being stable towards acidic and basic conditions, the 
well-known 2-nitrobenzyl (NB) and 4.5-dimethoxy-2-nitrobenzyl 
(DMNB) protecting groups have been employed in organic syn¬ 
thesis. Due to improved water solubility the ot-carboxy-2- 
nitrobenzyl (CNB) group and its a-carboxy-4.5-dimethoxy-2-nitro- 
benzyl (CDMNB) analogue extend the range of applications. The 
photoefficiency is clearly higher for the S-a-carboxy-nitrobenzyl 
protected derivatives than for the corresponding groups without a- 
carboxylate substituent. Comparing CNB and CDMNB as protect¬ 
ing groups for cysteine residues we found a clearly better 
photoefficiency for CDMNB and products of higher purity. With 
respect to the photodecarboxylation as potential side-reaction dur¬ 
ing photocleavage of CNB and CDMNB groups we could confirm 
an accelerating effect of amine but we found this being not the 
only cause of photodecarboxylation. 

The development of the {7-[bis(carboxymethyl)amino]coumarin- 
4-yl}methyl (BCMACM) -type protecting group and its application 
in conjunction with CNB-type groups facilitates the selective removal 
of the two groups from different cysteine residues in a molecule 
which will be demonstrated for resect, a peptide involved in che- 
motaxis of A. punctulata sperm. 

Synthesis and inhibitory potency of Orn and DAP 
analogs towards bacterial enzymes 

J. Hlavacek', J. Plcha 1 , V. Vanek', J. Jiracek', J. Slaninova', 

V. Fucik', D. Gilner 2 ' 3 , and R. C. Holz 2 

'institute of Organic Chemistry and Biochemistry, CAS, Prague, 
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2 Loyola University Chicago, Chicago, IL, USA 
3 Silesian University of Technology, Gliwice, Poland 

A series of 1V“-acyl (alkyl)- and N “-alkoxycarbonyl-derivatives of L- 
and D-omithine were prepared, characterized and analyzed for their 
inhibitory potency towards the bacterial enzyme /V“-acetyl-i.-orni- 
thine deacetylase ( ArgE ). Most of the compounds tested provided 
IC50 values in the |iM range, indicating that they are moderately 
strong inhibitors. W-chloroacetyl-L-ornithine was the best inhibitor 
tested towards ArgE providing an IC 50 value of 85 pM while JV“- 
trifluoroacetyl-L-omithine, IV*-ethoxycarbonyl-L-omithine and 1V“- 
acetyl-D-omithine weakly inhibited ArgE activity providing IC 50 
values between 200 and 410 pM. Weak inhibitory potency towards 
Bacillus subtilis for iW-acetyl-D-omithine and lV“-chloro-, 1V“- 
dichloro- and iW-trichloroacety I-ornithine was also observed. These 
data suggest that the JV“-substituted ornithine derivatives are capa¬ 
ble of getting across the cell membrane and that ArgE is the 


bacterial enzymatic target. In this study, also a series of A“-acyl- 
derivatives of racemic diaminopimelic acid (DAP) was prepared 
using a “double” orthogonal protection to obtain functional selec¬ 
tivity for mono-A-acylation, only. Surprisingly, they showed no 
potency towards the bacterial enzyme /W-succinyl-Lj.-diaminopim- 
elic acid desuccinylase ( DapE) and only weak potency towards 
ArgE. 

Acknowledgments: Supported by the Academy of Sciences of the 
Czech Republic (GAV No. IAA 400550614; Research Project 
Z40550506) and the National Science Foundation, CHE-0652981, 
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Discovery of neurotrophin mimetics: synthesis 
and biological activity of NGF agonists 

Antonio Guama 1 and Federico Cozzolino 2 
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The neurotrophins (NGF, BDNF, NT3/4) and their receptors have 
been proposed as therapeutic tools in a wide range of pathologies 
ranging from neurodegenerative disorders such as Alzheimers Dis¬ 
ease, Parkinsons Disease to cancer. Nevertheless, neurotrophins 
themselves share poor pharmacokinetic profiles because of their 
sensitivity to proteolysis, restricted penetration of the blood-brain 
barrier and expensive production, limiting their use as drugs. There¬ 
fore small molecules able to interact with the neurotrophin receptors, 
either as agonists or antagonists, are of great interest for many ther¬ 
apeutic applications and could represent the suitable solution for 
stability to proteolysis and specificity in receptor binding, the two 
main concerns in drug design. 

The potential applications of such small molecules could be the 
treatment of acute or chronic neurological disorders (such as stroke 
and Alzheimer disease), cutaneous pressure ulcers, and corneal neu¬ 
rotrophic ulcers. We have recently reported on a new classes of 
conformationally restricted peptidomimetics. These compounds were 
modified to mimic the loop 4 residues of NGF, thus having the 
possibility to interact with the NGF-receptor TrkA. The use of bio¬ 
sensors and in vitro and in vivo tests demonstrated that these new 
peptidomimetics act as pure agonists of NGF at nanomolar concen¬ 
tration level. 


Modification of small peptides: one-pot conversion 
of alpha-amino acids into amino acid analogues 

Alicia Boto, Carlos Saavedra, and Rosendo Hernandez 

Instituto de Productos Naturales y Agrobiologia del CSIC, 

La Laguna, Tenerife, Spain 

An efficient methodology is reported for the direct transformation of 
alpha-amino acids in peptides into amino acid analogues, such as 
beta-amino aldehydes, beta-amino esters or alpha-amino phospho- 
nates. The procedure couples a decarboxylation reaction and the 
introduction of other functional groups. The process is operationally 
simple, and saves materials and time, since no purification of the 
intermediates is needed. The mild reaction conditions are compatible 
with most functional groups. Finally, this versatile methodology 
allows the preparation of a variety of hybrid peptides. 
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Studies of an active peptide isolated from Hyla 
biobeba and its synthetic analogues 
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The development and the spread of bacterial resistance has become in 
the major public health problem. As result, the research and studies of 
novel bioactive molecules or modification of the existent ones has been 
crucial for future drug development. In this way, isolated toxins from 
frog skin secretion can be considered an important source for study of 
new biologically active compounds. Castro and co-workers extracted 
the peptide Hy-b3 (GLLSTVGGLVGGLLNNLGL) from the frog Hyla 
biobeba, which showed considerable antimicrobial activity. The aim of 
this work was to supply information regarding the structure/function of 
this peptide by conformational and biological assays. In this context, the 
wild type peptide (WT) and three analogues with Leucine residues 
substituted by Tryptophan in the 3, 9 and 17 positions (W3, W9 and 
W17 respectively) were synthesized by SPPS methodology using Fmoc 
chemical approach. The peptides were characterized by HPLC, amino 
acid analysis and mass spectroscopy. Conformational properties were 
investigated by CD techniques in water, TEE and in zwitterionic 
micelles (LPC). The CD experiments demonstrated that in water, the 
peptides have a random structure, although in TEE and LPC solutions 
they acquired an ordered structure, composed mainly by a-helix. WT 
and W17 peptides showed antifungal activity (MFC =125 pg/mL), 
however when Leucine was substituted in the positions 3 and 9 (W3 and 
W9), the activity increased considerably. On the other hand, the 
hemolytic activity for all peptides was insignificant in concentrations 
lower than 256 pM. 

Acknowledgments: Supported by: FAPESP/CNPq. 

Synthetic study on prion protein fragments using a 
SPPS and native chemical ligation 

Z. Zawada, J. Sebestrk, L. Bednarova, P. Bour, J. Hlavacek, 
and I. Stibor 

Institute of Organic Chemistry and Biochemistry, Academy of 
Sciences of the Czech Republic, Prague, Czech Republic 

Prion proteins are suspected as causative agents of several neurode- 
generative diseases such as CJD and BSE. However, their function and 
decision between viral and protein-only hypothesis have not been fully 
solved, yet. Although recombinant prion protein is available, it is not 
easy if possible to introduce some specific modifications at site of 
interests. Developing a route to fully synthetic prion protein is therefore 
highly desirable. Its molecule of more than 200 amino acid residues 
requires syntheses of shorter segments, which are finally linked toge¬ 
ther. The suitable segments prepared by SPPS can be also applicable as 
a tool for physico-chemical studies of the prion space structures and 
folding. 

In the mouse prion (MoPrP) synthesis, we started with MoP- 
rP(203-231) to study a native chemical ligation between Cys and Met 
in the positions 212 and 213 of corresponding peptides, with respect 
to effects of electron withdrawing and electron donating groups. An 
alternative ligation sites at Ala and Val residues were also tested using 
selective desulfurization of before introduced Pen and Cys residues by 
metal-based (Raney nickel) or metal-free (VA-044) procedures. The 
solution conformation of several overlapping segments of PrP 
sequence was estimated on utilization of chiroptical procedures. 


Acknowledgments: Supported by the Czech Science Foundation No. 
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Design and synthesis of /V-acylpeptides for screening 
antibiotics against clinical drug-resistant microbes 
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The emergence in all regions of the world of strains of pathogenic 
bacteria and fungi with resistance to commonly used antibiotics con¬ 
stitutes a potentially serious threat to public health and has necessitated 
a search for novel types of antimicrobial agent to which the micro¬ 
organisms have not been exposed. Acylpeptides are unique among the 
antimicrobial peptides in that they are relatively smaller in size as 
compared to other cationic antimicrobial peptides, and yet, exhibit 
excellent antimicrobial activity. Fatty acid acylation of antimicrobial 
peptides of bacterial and fungal origin have mostly been limited to 
non-gene-encoded peptides from Pseudomonas syringae. Short acyl¬ 
peptides are monomeric insolution while longer ones form oligomers 
and this feature can potentate the killing of microbes. Their mecha¬ 
nism of action is mediated by direct disruption of membrane electric 
potentials with less likelihood for development of cross-resistance. 
However, it is not clear if acylation influences the association of 
hydrophilic portions of peptides with membranes or modulates the 
orientation of peptides in membranes. Therefore, it would be relevant 
to study the interactions of antimicrobial acylpeptides and anionic 
model membranes as it would help in understanding the biophysical 
properties governing the association of fatty acylated peptides with 
biological membranes. Here, we designed and synthesized 24 fatty N- 
acylated peptides for screening antibiotics against clinical drug- 
resistant microbes. The results indicated that RCO-K-K*-K-K*-K-K*- 
K (R = C u H 23 , C 13 H 27 ) and RCO-K-K-K-K(R = C 13 H 27 , C 15 H 31 ) 
among the 24 synthetic acylpeptides, possesses the most excellent 
antimicrobial activities against clinical multidrug-resistant bacteria 
such as methicillin-resistant Staphylococcus aureus (Gram-positive) 
and quinolone-resistant Escherichia coli (Gram-negative). 

Acknowledgments: This work was financially sponsored by the 
National Natural Science Foundation of China (NSFC 20672086), the 
Scientific Research Foundation for the Returned Overseas Chinese 
Scholars, State Personnel Ministry of China (2007) and Basic Research 
Foundation of Northwestern Polytechnical University (JC200824) 


Analysis of retinas of cystathionine /1-synthase ( cbs ) 
deficient mice: a model of hyperhomocysteine- 
induced retinopathy 

S. B. Smith, P. S. Ganapathy, P. Roon, P. Prasad, and K. Liu 

Department of Cellular Biology/Anatomy, Ophthalmology and 
Biochemistry and Molecular Biology, Medical College of 
Georgia, Augusta, GA, USA 

Hyperhomocysteinemia is implicated in glaucoma, a blinding disease 
in which retinal ganglion cells (RGCs) die. Earlier, we reported that 
cultured RGCs die when exposed to excess homocysteine. To deter¬ 
mine consequences of sustained retinal hyperhomocysteinemia in 
vivo, morphological, biochemical and molecular analyses were per¬ 
formed in retinas of cbs mice. Retinal levels of homocysteine were 
analyzed by HPLC and revealed ~ twofold elevation in retinal 
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homocysteine in cbs +/ ~ mice and ~ sevenfold elevation in cfc _/_ 
mice. Systematic morphometric analysis was performed on mouse 
retinal cryosections at 5, 15, and 30 weeks and revealed ~20% loss 
of RGCs in cbs +/ ~ mice by 5 weeks and decreased thickness of inner 
plexiform and nuclear layers by 15 and 30 weeks, respectively. 
Microarray analysis was performed using RNA isolated from neural 
retinas of cbs +l+ and cbs +, ~ mice. Of 36,212 genes screened, there was 
a > twofold change in expression of 1,216 categorized into six 
functional groups. Of particular interest were changes in: (1) pro- 
apoptotic: Bat3 (|2.3-fold), (2) anti-apoptotic: Survivin (42.8-fold), 
(3) cell cycle: Egrl (| 4.7-fold), (4) antioxidant: subunits of GST 
(4,2.0- to-5.2-fold) and SOD3 (42.6-fold), (5) calcium signaling: 
Slc24a4 Cf3.4-fold), (6) axon growth/guidance: Efnb3 (|2.6-fold), 
Ablim2 (|2.66-fold), Tsc2 Cf 2.5-fold). In conclusion, retinal homo¬ 
cysteine is elevated in Cbs +/ ~ mice, which is associated with 
significant loss of RGCs and decreased thickness of inner retinal 
layers. Altered expression of genes related to apoptosis, axon guid¬ 
ance, cell cycle, and antioxidant levels lay the foundation for future 
studies to determine the cause of the retinal phenotype in this model 
of retinal hyperhomocysteinemia. 


Synthesis of Na-hydrazino- and Aza-peptoids based 
on substance P: C-terminal fragments and their 
trypsin inhibitory effect 

M. Ziovas 1 , P. Vakalopoulou 1 , P. Glezakos 1 , R. Papi 2 , 

G. Stavropoulos 1 , and D. Kyriakidis 2,3 

'Department of Chemistry, University of Patras, Patras, Greece 
department of Chemistry, Aristotle University of Thessaloniki, 
Thessaloniki, Greece 

3 National Hellenic Research Foundation, Athens, Greece 

Serine protease inhibitors (Serpins) is a group of proteins with similar 
structures, which were first identified as a set of proteins able to inhibit 
proteases function. The human plasma proteins antithrombin and 
antitrypsin, which play key roles in controlling blood coagulation and 
inflammation, respectively, were the first members of the serpins 
superfamily to be extensively studied. Trypsin-like serine proteases are 
essential for many biological processes. Because of this a large number 
of synthetic peptides have been designed and synthesized, based on the 
structure of inhibitors, active against trypsin or chymotrypsin. 

In the present work we have synthesized a series of N“-hydrazino- 
peptoids and aza-peptoids and studied their trypsin inhibitory effect. 
These peptidomimetics are expected to show enhanced metabolitic 
stability and bioavailability in comparison with natural parent pep- 
tidic analogs. Their structures are the following: 
N*-Hydrazino-peptoids 

1. H 2 N-N(Bzl)-CH 2 -CO] 1 -D-Trp 2 -Leu 3 -OH 

2. Glp 1 -NPhe 2 -Gly 3 -[NH-N(Bzl)-CH 2 -CO] 4 -D-Trp 5 -Leu 6 -OH 

3. Glp 1 -NPhe 2 -Gly 3 -[NH-N(Bzl)-CH 2 -CO] 4 -D-Trp 5 -Leu 6 -OH 

4. Glp 1 -Glu(Bzl) 2 -NPhe 3 -Gly 3 -[NH-N(Bzl)-CH 2 -CO] 5 -D-Trp 6 - 
Leu 7 -Glu(Bzl) 8 -NH 2 

Aza-peptoids 

5. H-D-Trp 1 -[NH-N(Bzl)-CO] 2 -D-Trp 3 -OH 

6. H-D-Trp 1 -[NH-N(Bzl)-CO] 2 -D-Trp 3 -Leu 4 -OH 

7. Glp 1 -NPhe 2 -Gly 3 -D-Trp 4 -[NH-N(Bzl)-CO] 5 -D-Trp 6 -OH 

All the syntheses were carried out stepwise by SPPS, using the Fmoc/ 
Bu‘ methodology on the solid support 2-chlorotrityl chloride resin and 
DIC/HOBt as coupling reagent. The products were purified (HPLC) 
and identified (ESI-MS). Their inhibitory effect against trypsin 


activity has partly measured, while other compounds are under 
investigation. 

Acknowledgments: This work was partly supported by the Research 
Committee of the University of Patras. 


Plant amino acids 


High-lysine maize lines expressing a new protein 
in the endosperm 

L. P. Ambrozevicius, P. F. Martins, G. Carvalho, D. Schmidt, 

M. B. Rolao, L. P. Peters, S.A. Gaziola, and R. A. Azevedo 

Departamento de Genetica, Escola Superior de Agriculture “Luiz 
de Queiroz”, USP, Piracicaba, Brazil 

Cereal crops represent approximately 50% of the plant protein con¬ 
sumed worldwide, however, cereal seeds are nutritionally deficient in 
important amino acids such as lysine and tryptophan, a situation that 
has presented researchers with the major task of improving the 
nutritive value of cereal seeds. Aspartate is a precursor for two main 
pathways, the first one leading to the synthesis of asparagine. 
Aspartate is also the common precursor of the essential amino acids, 
lysine, threonine, methionine and isoleucine. Since the late 1970s 
research groups have tried to produce cereal crops containing high 
lysine concentrations in their seeds. Several strategies have been 
attempted: (1) plant breeding programs, which requires a long time to 
achieve some progress; (2) natural occurring mutants, such as the 
opaque-2 maize and the hiproly barley mutants; (3) biochemical 
mutants exhibiting altered regulation of key the enzymes controlling 
lysine metabolism; (4) plant transformation: transgenic plants 
expressing altered enzymes or bacterial enzymes; and (5) plant 
transformation: transgenic plants with altered storage protein distri¬ 
bution. We started a new project in which we have produced maize 
transgenic lines overexpressing zeolin (phaseolin [bean] + y-zein 
[maize]) protein using the endosperm specific y-kafirin (sorghum) 
promoter. Such a protein contains several lysine residues. Almost 100 
positive plants exhibited between 70 and 160% increase in the pro- 
lamin fraction with up to 2.6-fold increase in the zein 1 storage 
protein fraction, in which the zeolin protein is included. We are 
currently performing agronomic tests with the most promising lines. 
Acknowledgments: Financial support from Fapesp, CAPES and 
CNPq (Brazil). 

Functional genomics approaches to study 
ammonium nutrition and amino acid biosynthesis 
in conifers 

Francisco M. Canovas, Javier Canales, Arantxa Flores- 
Monterrosso, Marina Rueda and Concepcion Avila 

Departamento de Biologia Molecular y Bioqmmica, Instituto 
Andaluz de Biotecnologia, Unidad Asociada UMA-CSIC, 
Universidad de Malaga, Malaga, Spain, canovas@uma.es 

Conifers are the most important group of gymnosperms, which include 
tree species of great ecological and economic importance that dominate 
large ecosystems and play an essential role in global carbon fixation. 
Functional genomics studies are needed to understanding fundamental 
conifer biology and adaptation of conifer trees to environmental 
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conditions. Our laboratory has been involved for more than 15 years in 
the study of conifer metabolism by using a variety of experimental 
approaches and including biochemical, immunological, recombinant- 
DNA techniques, and more recently transcriptomic and proteomic 
approaches. Expression analysis as well as cellular and subcellular 
localization have been used to assess the role of genes/enzymes 
involved in amino acid biosynthesis and the reallocation of nitrogen 
from the seed towards photosynthetic and lignified tissues of young 
trees. New adapted methods for the precise localisation of mRNAs and 
proteins in conifers have been applied and this experimental approach 
has provided new insights on how metabolic pathways are organized in 
different cell types. Transcriptomic and other functional analysis have 
been used to examine the response to nitrogen nutrition and how 
changes in primary metabolism can influence tree growth and devel¬ 
opmental programmes. We have isolated the promoters of several pine 
genes and identified regulatory sequences able to interact with specific 
factors regulating transcriptional activity. An overview of this research 
programme will be presented and discussed. 

Acknowledgments: Research supported by Spanish Ministry of 
Education and Science and Junta de Andalucia (Grants BI02006- 
06216 and AGR633). 

Bioinformatic dissection of gene modules controlling 
the operation of plant amino acid metabolic 
networks 

Gad Galili, Hadar Less, and Ruthie Angelovici 

Department of Plant Sciences, The Weizmann Institute of 
Science, Rehovot, Israel 

We have recently developed a new bioinformatics tool adapted for 
analyzing the response of Arabidopsis thaliana genes controlling 
plant metabolism to abiotic and biotic stresses. Using this new 
approach to analyze publicly available microarray datasets, we have 
identified novel expression coordination patterns between gene 
modules controlling the operation of central amino acid metabolic 
networks in response to the various abiotic and biotic stresses. We 
have also further developed this bioinformatics tool to elucidate the 
transcriptional response of genes encoding the entire set of Arabid¬ 
opsis metabolic enzymes to the various stress conditions. We will 
present the results of this study, which: (1) elucidate several novel 
regulatory principals of plant metabolism; and (2) can be used to 
elucidate regulatory genes that control the operation of plant 
metabolism. 


Sulfur amino adds and redox homeostasis 
in Arabidopsis 

R. Hell, L. Marty, C. Heeg, F. Haas, A. J. Meyer, and M. Wirtz 

Heidelberg Institute for Plant Sciences, University of Heidelberg, 
Heidelberg, Germany, rhell@hip.uni-heidelberg.de 

Cysteine and glutathione are present in many compartments of 
plant cells, including the organelles, cytosol, ER and possibly cell 
wall and vacuole. Synthesis of cysteine and glutathione in Ara¬ 
bidopsis is distributed between the cytosol and the organelles and 
implicates a number of membrane transport processes. Exchange of 
glutathione between the compartments is implicated by the sole 
presence of glutathione reductase (GR) in plastids, mitochondria 
and cytosol, unless other proteins would mediate electron transfer 
to oxidized glutathione. The membrane transport mechanisms may 


occur as reduced, oxidized, conjugated glutathione or similar to the 
glutathione cycle found in animals. To investigate the role of 
cysteine and glutathione synthesis as well as glutathione reduction 
by GRs in the three compartments, T-DNA insertion lines of the 
corresponding genes of Arabidopsis were characterized. With 
respect to glutathione reduction GR2 encodes plastid and mito¬ 
chondrial GR by way of a dual target sequence and a null allel of 
gr2 was lethal. Inactivation of grl encoding cytosolic GR1 caused 
no visible phenotype, but resulted in 60% reduction of overall GR 
activity and significantly increased contents of oxidized glutathione 
but also total glutathione, indicating enhanced flux through cys¬ 
teine. To dissect the roles of both organelles in redox homeostasis 
the gr2 mutant was complemented by plastid or mitochondria- 
specific constructs. Expression of GR1 only in plastids was suffi¬ 
cient for survival while targeting only to mitochondria was not. 
Thus, exchange of reduced or oxidized glutathione or of precursors 
across the plastid membrane was insufficient to meet the demands 
inside the organelle. This demand for plastidic glutathione reduc¬ 
tion capacity was already essential during early embryo 
development. 

‘Systems’ biology of inter- and intracellular 
metabolite transport in plants 

Holger Hesse 

Max-Planck Institut fur Molekulare Pflanzenphysiologie, 
Potsdam-Golm, Germany 

Metabolic processes are regulated in a co-ordinate manner to bal¬ 
ance macro- and micronutrients in possible synergistic or 
antagonistic effects. The high degree of compartmentation on plant 
and cellular level enhance the need for a good coordination of 
metabolic precursors, intermediates, and end products between plant 
organs and cellular compartments. As plants are limited in there 
mobility, they developed mechanisms to overcome local limitations 
of nutrients in their direct environment. Plants respond, e.g. by 
activation of lateral root formation into nutrient enriched patches to 
overcome nutrient limitations. On the other side metabolite syn¬ 
thesis is in several cases not restricted to one compartment 
indicating cooperation between the participating compartments. 
Factors regulating these processes are so far not well described 
being involved in the regulation of uptake, transport and compart¬ 
mentation of metabolites to keep the metabolite homeostasis of, e.g. 
amino acids. 

To this end, we make use of biochemical, genetic, physiological, 
and statistical techniques to investigate transport and compartmenta¬ 
tion processes in plants. Data will be presented giving new insights 
into the regulation of cysteine biosynthesis on plant and cellular level. 


Amino acid metabolism as an entry point 
to secondary metabolism 

Masami Yokota Hirai 

RIKEN Plant Science Center, Yokohama, Japan 

Plants produce chemically-diverse secondary metabolites derived 
from amino acids. In general, primary metabolites including amino 
acids have fundamental functions in every aspects of life, and hence, 
primary metabolism is regulated so as to be robust against environ¬ 
mental perturbation. On the other hand, a major role of secondary 
metabolism is to supply the dead-end products which have specific 
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biological functions (for example, insect repellents, UV protectants, 
and cryoprotectants) in response to environmental stimuli. Hence, 
secondary metabolism is presumably regulated so as to respond 
dynamically to environmental changes. Our omics-based study using 
Arabidopsis revealed the genes involved in methionine-derived 
glucosinolate biosynthesis. Modulation of the expression of these 
genes affected the amino acid contents, suggesting complicated 
relationship between amino acid metabolism and secondary metabo¬ 
lism. In this presentation, our recent results on amino acid metabolism 
will be introduced. 


Glutamate: glyoxylate aminotransferase (GGAT) 
functions as a regulator of amino acid content 
in Arabidopsis 

Daisuke Igarashi 

Institute of Life Sciences, Ajinomoto Co., Inc., Kawasaki, Japan 

In photorespiration, peroxisomal glutamateiglyoxylate aminotransfer¬ 
ase (GGAT) catalyzes the reaction of glutamate and glyoxylate to 
produce 2-oxoglutareate and glycine. In other words, the GGAT reac¬ 
tion links the photorespiratory carbon and nitrogen cycles and may 
function as a plant-specific regulator of amino acid content. However, 
the gene encoding GGAT has not been identified. Here, I intended to 
identify the GGAT gene and to examine the importance of the GGAT 
gene product. Based on the analysis of knockout line of alanine: 2- 
oxoglutarate aminotransferase like gene, we succeeded to identify the 
GGAT gene. A phenotypic analysis indicated that the knockout line 
( ggatl-1 ) exhibited a well-known photorespiratory-deficient mutant 
phenotype; growth repression was observed and plants recovered under 
high C0 2 or low light conditions. To understand the role of GGAT in the 
regulation of amino acid levels, we generated and characterized plants 
overexpressing the GGAT1 gene. The pool size of serine and glycine— 
products of the GGAT reaction—increased markedly in all GGAT1 
overexpression lines. Further, the levels of these amino acids were 
strongly correlated with the levels of GGAT1 mRNA and GGAT 
activity. Air (CO2 concentration), light, and nutrient conditions affected 
the amino acid profiles in the GGAT1 overexpression lines. These 
results suggested that the photorespiratory aminotransferase reaction 
catalyzed by GGAT is an important regulator of amino acid content. 


Transporters for amino acids and peptides in plants 

Doris Rentsch 

Institute of Plant Sciences, University of Bern, Bern, Switzerland 

Nitrogen is an essential nutrient for plant growth and productivity. 
Following uptake from the soil or assimilation within the plant, organic 
nitrogen compounds are transported within and between cells as well as 
over long distances in support of plant metabolism and development. 
Research mainly focused on amino acids that represent in most plants 
the principal transport form for organic nitrogen, but transport of small 
peptides and other organic nitrogen forms has also been investigated. 

Transporters for amino acids and peptides have been identified 
and characterized using heterologous expression systems, i.e. Sac- 
charomyces cerevisiae mutants and Xenopus laevis oocytes. These 
studies identified transporters belonging to different gene families 
that mediate low and high affinity transport of amino acids or 
peptides. Results from different labs revealed differential expres¬ 
sion of the respective genes and elucidated the importance of 
individual transporters for uptake of amino acids or peptides from 


the soil, for long distance transport and translocation to seeds, 
respectively. 

An overview of current knowledge and recent findings will be 
presented. 

Metabolomics-based functional genomics and 
network analysis for plant amino acid metabolism 

Kazuki Saito 1 ' 2 

'Graduate School of Pharmaceutical Sciences, Chiba University, 
Chiba 

2 RIKEN Plant Science Center, Yokohama, Japan 

Metabolomics is a powerful approach to decipher genes’ function and 
elucidate metabolic networks in plants. We have investigated the 
metabolic profiling of the mutants of serine acetyltransferase genes and 
^-substituted alanine synthase (BSAS) genes, which encode cysteine 
synthase (CSase) [O-acetylserine (thiol) lyase] and /J-cyanoalanine 
synthase (CASase) of Arabidopsis thaliana. This analysis concluded 
mitochondrial BSAS3;1 is a genuine CASase, and /J-cyanoalanine is 
present as a conjugated form as y-glutamyl-/?-cyanoalanine. We also 
investigated the metabolic network of two mutants (methionine-over 
accumulation 1 [mtol] and transparent testa4 [tt4]). Although the 
mutants showed no apparent morphological abnormalities, the overall 
metabolite correlations in mto 1 were much lower than those of the wild- 
type and tt4 plants, indicating the loss of overall network stability due to 
the uncontrolled accumulation of methionine. In the tt4 mutant, several 
new correlations were observed, suggesting an adaptive reconfiguration 
of the network module. Gene-expression correlations presumably 
responsible for these metabolic networks were determined using the 
metabolite correlations as clues. 

Function of glutamine synthetase and glutamate 
synthase in rice plants 

Tomoyuki Yamaya 

Graduate School of Agricultural Science, Tohoku University, 

Sendai, Japan, tyamaya@biochem.tohoku.ac.jp 

A major source of inorganic nitrogen for rice plants grown in paddy soil 
is ammonium ions. The ammonium-ions, actively taken up by the roots, 
are assimilated into the amide-residue of glutamine (Gin) by the reac¬ 
tion of glutamine synthetase (GS) in the roots. The Gin is converted into 
glutamate (Glu), which is a central amino acid for synthesis of a number 
of amino acids, by the reaction of glutamate synthase (GOGAT). 
Although a small gene family for both GS and GOGAT is present in 
rice, ammonium-dependent and cell-type specific expression suggest 
that cytosolic GS 1 ;2 and plastidic NADH-GOGAT1 are responsible for 
the primary assimilation of ammonium ions in the roots. In the plant top, 
approximately 80% of the total nitrogen in the panicle is remobilized 
through the phloem from senescing organs. Thus, nitrogen remobili¬ 
zation determines productivity of rice. Since the major form of nitrogen 
in the phloem sap is Gin, GS in the senescing organs and GOGAT in 
developing organs are important for nitrogen remobilization and re¬ 
utilization, respectively. Our recent work with a knock-out mutant of 
rice clearly showed that GS1;1 and NADH-GOGAT1 are both 
responsible for the remobilization processes. Since the integration of 
the functions of many genes is required for the overall process of 
nitrogen utilization in plants, it is not easy to draw the whole picture 
from studies on an individual gene. Recent studies obtained from the 
profiling of metabolites in the OsGSl;l mutants, together with tran- 
scriptome analysis, will be discussed in this symposium. 
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Renewable clean energy resources in Egypt 

Emad Fawzy Eskander 

Head of hormones Department, NRC, Head of the environmental 
committee (ASSRT) Cairo, Egypt 

World now is in an increasing demand for new energy resources. We 
hope that these will be clean, renewable, and cheap resources. In the 
past years, there were great efforts to use natural substances that 
contain a high starch and sugar content for the production of ethanol 
as a pure and clean energy resources which was named the biofuel or 
biodiesel. The irony is that industrial countries, in order to overcome 
the storage in energy resources, have devoted efforts to utilize a 
number of foodstuffs, the edible crops for human, namely: wheat, 
com, maize and rice as raw materials for producing fuel. In our 
research proposal, we introduce a group of natural resources, non 
edible, to produce the biofuel namely, Jatropha, Seaweeds and 
Balanites. Besides we propose other uses for these sources. A wide 
area of land will be cultivated with Jatropha, then it will be processed 
for the production of Biofuel. Seaweeds will be harvested from the 
Egyptian seashores and Balanites will be collected from the Egyptian 
markets for the production of biofuel and the other uses. 

Characterization of aminoaldehyde dehydrogenases 
from pea and tomato 

Martina Tylichova 1 , David Kopecny 1 , Pierre Briozzo 2 , 

Solange Morera 3 , Jacques Snegaroff 2 , and Marek Sebela* 

'Department of Biochemistry, Faculty of Science, Palacky 
University, Czech Republic 

2 UMR206 Laboratoire de Chimie Biologique, INRA- 
AgroParisTech, Thiverval-Grignon, France 
3 Laboratoire d’Enzymologie et de Biochimie Structurales, CNRS, 
Gif-sur-Yvette Cedex, France 

Aminoaldehyde dehydrogenases (AMADH, EC 1.2.1.19) oxidize 
omega-aminoaldehydes arising from polyamine degradation. Based 
on their amino acid sequences, the enzymes belong to the same 
group as betaine aldehyde dehydrogenases (BADHs, EC 1.2.1.8), 
which participate in plant response to osmotic stress. Two isoen¬ 
zymes from Pisum sativum (PsAMADHl and PsAMADH2) and two 
isoenzymes from Lycopersicon esculentum (LeAMADHl and 
LeAMADH2) were expressed in E. coli and subsequently purified to 
homogeneity by immobilized metal ion affinity chromatography and 
ion-exchange chromatography. Enzyme kinetics was performed with 
all recombinant enzymes. The obtained results show that PsA- 
MADH2 has much better affinity to the best substrate 3- 
aminopropanal compared with PsAMADHl and that the compound 
is also oxidized more efficiently. Interestingly, all enzymes, but 
especially LeAMADHl, are able to oxidize pyridine carboxalde- 
hydes and some other heterocyclic aldehyde compounds in addition 
to omega-aminoaldehydes and aliphatic C3 to C7 aldehydes. Also 
various NAD + analogs functioned as effective coenzymes. To get 
insight into AMADH catalysis and specificity, site-directed muta¬ 
genesis of PsAMADH2 has been performed together with kinetic 
characterization of the mutants. Both pea AMADHs were success¬ 
fully crystallized with and without NAD + . X-ray data were collected 
up to 2.4 A resolution for PsAMADHl. Molecular replacement 
using human aldehyde dehydrogenase as a template confirmed that 
recombinant PsAMADHl is a dimer. The crystal structure is cur¬ 
rently under refinement. 

Acknowledgments: Supported by grants No. 522/08/0555 and 522/ 
08/H003 from the Czech Science Foundation. 


Amino acids metabolism and storage proteins 
of maize endosperm mutants 

R. A. Azevedo, B. D. A. Berdejo, and S. A. Gaziola 

Departamento de Genetica, Escola Superior de Agricultura “Luiz 
de Queiroz”, USP, Piracicaba, Brazil 

Little information is available about maize mutants that have been 
classified as high-lysine and exhibiting the opaque phenotype, such 
as opaque (o) mutants 1, 5, 6, 7, 9, 10, 11, 13 and 14 among others, 
and the floury (fl) mutants 1, 2 and 3. We have carried out a detailed 
biochemical characterization of these mutants. The information 
obtained has included total protein, nonprotein N, soluble amino 
acids, albumins/globulins, zeins and glutelins together with the 
enzymes involved in lysine biosynthesis and degradation during 
endosperm development. The o2 mutant exhibited the highest rela¬ 
tive concentration of free lysine followed by the fl2 mutant, whereas 
the oil, o5 and H3 exhibited lower relative concentrations of free 
lysine when compared to their wild-type counterparts. Based on 20- 
PAGE analysis of zeins, 52 zein polypeptides were detected among 
the 14 genotypes tested. In general, the mutations decreased the 
number of zein isoforms detected on the 2D gels, indicating a 
decreased zein amount and diversity. The activity of AK varied 
considerably among the genotypes, with 33 being the lowest and the 
wild-type B37+, the highest. The inhibition by lysine and threonine 
was also variable. The activity of HSDH was lowest in ol3 and 
highest in the o2 mutant. The enzymes LOR and SDH, both 
involved in lysine degradation exhibited large variations, particu¬ 
larly for LOR activity. The o2 and 112 mutants exhibited 6- and 7- 
fold reductions in LOR activity, when compared to the wild-type 
maize lines. 

Acknowledgments: Financial support from Fapesp and CNPq 
(Brazil) 


Quality protein maize zein storage protein 
characterization by 2DE-PAGE 

B. D. A. Berdejo, S. A. Gaziola, and R. A. Azevedo 

Departamento de Genetica, Escola Superior de Agricultura “Luiz 
de Queiroz”, USP, Piracicaba, Brazil 

Cereals typically provide ~50% of the dietary protein for humans 
and can comprise up to 70% of the protein intake. Maize seeds are 
characterized by the low contents of lysine, particularly in the most 
abundant seed storage protein, the zeins (prolamin type). The 
objective of this study was to compare storage proteins maize 
seeds, through bidimensional polyacrylamide gel electrophoresis 
(2DE-PAGE), of a wild type maize line (L161n) and two Quality 
Protein Maize (QPM) lines (L161o and L161q). These QPM lines 
are the sixth generation of modified backcross exhibiting different 
grain vitreous aspects; L161o grains are whole opaque while L161q 
grains are vitreous-top and opaque-bottom. The storage proteins 
were extracted and the zein fraction subjected to 2DE-PAGE. 
Nonlinear pH 3-10 18 cm strips and 12.5% SDS-PAGE was used. 
The results revealed higher zein concentration in the L161n 
genotype (1.7- and 1.5-fold) when compared to the L161o and 
L161q lines, respectively. 2DE-PAGE revealed a smaller number 
of protein spots in the L161q genotype when compared to the other 
lines. The L161q genotype also accumulated 1.4-fold higher lysine 
content than the wild-type L161n. Such results indicated that the 
QPM lines used have different protein storage pattern, specially 
with a reduced zein fraction. Such an altered distribution of the 
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storage proteins resulted in higher lysine content in QPM lines due 
to the alteration of zein with concomitant increase in the other 
storage protein fraction which naturally exhibited higher contents 
of lysine in their structure. 

Acknowledgments: Financial support from Fapesp and CNPq. Seeds 
provided by EMBRAPA (Brazil) 


Cell-penetrating peptides: Trojan horse 
for macromolecule delivery in plants too? 

Francois Eudes 

Bioproducts and Bioprocesses, Agriculture and Agri-Food 
Canada, Lethbridge, AB, Canada 

Cell-penetrating peptides (CPPs) are a class of short peptides with a 
property to translocate across mammalian cell membranes and 
recently reported in plant by three independent groups. Despite fun¬ 
damental differences between animal cell and plant cell composition, 
the CPP uptake pattern between the mammalian system and the plant 
system is very similar. Tat 49-57 RKKRRQRRR basic domain, one of 
the shortest known cell penetrating peptide, Tat-2 pVEC and trans- 
portan internalisation in protoplast, somatic and gametophyte triticale 
and wheat cells is concentration dependent and non saturable, 
enhanced at low temperature (4°C), and receptor independent. The 
permeation properties of CPP change upon complexing with macro¬ 
molecules and according to recipient cell, as a result, cargo is 
internalised by an altogether different mechanism(s), either through 
endocytosis or macropinocytosis. Being single celled and without cell 
wall, protoplasts offer a comparable system to mammalian cell lines. 
Plant cell wall surrounding the cell membrane poses challenges in the 
uptake of cell-penetrating peptides, but can be overcome with per- 
meabilisation pretreatment of targeted cells and tissues. The distinct 
ability of CPPs to deliver macromolecules that are otherwise 
restricted to cross the membrane has lead to development of novel 
peptide-mediated gene and protein delivery methods in somatic and 
gametophytic plant cells. Synthetic or in vivo produced nucleic acid, 
proteins and CPPs are blocks that conjugate to form nano-complexes 
in a relatively predictable manner. At the cross road of plant cell 
culture and nanocarrier technology CPP-mediated molecule delivery 
in plants can give rise to an entirely new field of ‘phyto¬ 
nanobiotechnology’ ! 


Amino acids in root exudates 
of Miscanthus x Giganteus 

P. Formanek 1 , K. Rejsek 1 , V. Vranova 1 , D. Techer 2 , 

P. Laval-Gilly 2 , and J. Falla 2 

'Department of Geology and Soil Science, Mendel University of 
Agriculture and Forestry, Brno, Czech Republic 
2 Laboratoire d’lmmunologie-Microbiologie (ESE-CNRS, UMR 
7146), IUT de Thionville-Yutz, Yutz, France 

Miscanthus x giganteus Greef et Deu is a perennial, rhizomatous 
C4-grass originating from Southeast Asia. This species is sterile and 
probably natural hybrid involving M. x sacchariflorus (diploid) and 
M. sinensis (tetraploid) with a triploid chromosome, impossible of 
producing seeds. M. x giganteus belongs to group of Miscanthus 
species cultivated across Europe as a potential biofuels and seems to 
be promising plant for phytoremediations of heavy metals and 


organic pollutants. Phytoremediation of soil organic pollutants is 
based on their degradation by the soil microorganisms via direct 
catabolism or cometabolism, when supported by the water-soluble 
plant root exudates; knowledge about composition of water-soluble 
root exudates can be used for preparation of synthetic root exudates 
to be applied to soil to create artificial rhizosphere and simulate 
degradation of the organic pollutants. We have conducted to per¬ 
form experiments on >15 years cultivation of M. x Giganteus in 
the autumnal period of growth to determine composition of the root 
exudates, which were collected for period of 2 h in demineralized 
water. Of 17 measured amino acids (aspartic acid, glutamic acid, 
serine, histidine, glycine, threonine, alanine, tyrosine, valine, 
methionine, phenylalanine, isoleucine, leucine, proline, arginine, 
cystine and lysine), aspartic acid, arginine, alanine and glutamic 
acid were the most abundant. 


Expression of aspartic acid pathway genes in rice 
developing seeds (Oriza sativa L.) 

S. A. Gaziola, B. D. A. Berdejo, and R. A. Azevedo 

Laboratorio de Genetica Bioqulmica de Plantas, ESALQ/USP, 
Brazil, sagaziol@esalq.usp.br 

The major plant sources of protein are cereal and legume seeds. Rice 
is the staple food of half of the world population. Essential amino 
acids such as lysine, threonine, methionine and isoleucine are syn¬ 
thesized in higher plants in the aspartic acid biosynthetic pathway. 
Due to the low lysine and threonine concentrations in cereal seeds and 
their importance as essential amino acids, studies have been carried 
out in order to obtain information about the regulation of the pathway. 
To better understand some of the key enzymes controlling lysine and 
threonine metabolism in the rice endosperm during development, we 
performed relative quantification gene expression of AK, HSDH, 
DHDPS, LL-DAP-AT, LOR-SDH, and TS genes. Tubulin was selected 
as the reference gene. Rice seeds of IAC-165 cultivar were tagged 
during grain filling and collected into liquid nitrogen at stages 1, 2 and 
3. Total RNA extraction was performed using Trizol reagent based on 
the single-step RNA isolation. The cDNA amplification was carried 
out according to Invitrogen SUPERSCRIPT™ Kit. The expression 
AK gene reached its peak level at stage 3 while HSDH, DHDPS, LL- 
DAP-AT e TS are already declining in the same developmental stage. 
HSDH and DHDPS genes were more expressed and both reach its 
peak at stage 2. The highest expression pattern of LOR-SDH gene was 
observed at stage 2. LOR-SDH gene expression exhibited an higher 
level than the genes encoding the enzymes controlling lysine bio¬ 
synthesis indicating a higher rate of lysine degradation which may 
explain at least in part the higher lysine content in rice. 
Acknowledgments: Financial support: FAPESP (Brazil). 

Investigate the magnitude of differences in total 
metabolizable protein among barley varieties 

K. Hart, L. Du, and P. Yu 

College of Agriculture and Bioresources, The University of 
Saskatchewan Saskatoon, SK, Canada 

Recently new genotypes of barley have been developed by Crop 
Development Center. However, no quantitative evaluation of protein 
supply to dairy cow has been done in terms of potential protein 
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degradation balance and total metabolizable protein (MP) supply. The 
objective of this experiment was to determine the magnitude of dif¬ 
ference in total metabolizable protein (MP) supply of five feed type 
barley cultivars in comparison to Canada’s most widely grown 
malting cultivar AC Metcalfe. Six, two row cultivars of spring sown 
barley, included AC Metcalfe CDC Cowboy, CDC Dolly, CDC 
Helgason, CDC Trey and McLeod were grown in the research field of 
University of Saskatchewan, Saskatoon, SK, Canada for three con¬ 
secutive years commencing in 2003. The quantitative predictions 
were made in terms of: (1) Rumen synthesized microbial protein truly 
absorbed in the small intestine (AMCP); (2) Rumen undegraded feed 
protein truly absorbed in the small intestine (ARUP); (3) endogenous 
protein in the digestive tract (AECP); (4) total metabolizable protein 
supply in the small intestine (MP). The results showed that barley 
variety differed (P < 0.05) in AMCP ranging from 33.9 to 40.3 g/kg 
DM andAECP, but had no difference (P > 0.05) in ARUP with 
average of 47.5 g/kg DM. Total metabolizable protein ranged 
(P < 0.05) from 85.4 to 92.3 g/kg DM. In conclusion, barley variety 
affected total predicted MP supply. 


Analysis of free amino acids in plants exudates 

Ondrej Zitka 1 , Hana Zimova 1 ' 2 , Olga Krystofova 1 ’ 2 , Petr Babula 3 , 

Jiri Baloun 1 , Vojtech Adam 1 ' 3 , Ladislav Havel 2 , Josef Zehnalek 1 , 
and Rene Kizek 1 

'Department of Chemistry and Biochemistry, Faculty of 
Agronomy, Mendel University of Agriculture and Forestry, Brno, 
Czech Republic 

department of Plant Biology, Faculty of Agronomy, Mendel 
University of Agriculture and Forestry, Brno, Czech Republic 
department of Animal Nutrition and Forage Production, Faculty 
of Agronomy, Mendel University of Agriculture and Forestry, 

Brno, Czech Republic 

department of Natural Drugs, Faculty of Pharmacy, University 
of Veterinary and Pharmaceutical Sciences, Brno, Czech 
Republic 

Amino acids are ubiquitous and essential components in all living 
organisms. In this study, sunflower and maize plants were chosen 
as model plants for determination of aminoacids in phloem and 
xylem. Six weeks old plants were treated with cadmium(II) ions (0, 
100, 500, 1,000 and 2,000 pM). Taking of a sample was carried 
out by rupturing of plants tissues and subsequent accumulation of 
exudate into filtration paper. The obtained samples were centri¬ 
fuged (30 min, 16,000 rpm, 4°C). In both variants of plants 
cultivated at conditions mentioned above, level of glucose, which 
decreased according to cadmium(II) ions concentration from 50 to 
20 pM, was spectrometric detected. Content of free amino acids 
was determined after their separation by using ion exchange 
chromatography with post-column derivatization by ninhydrin. The 
obtained calibration curves for Asp, Thre, Ser, Glu, Pro, Gly, Ala, 
Cys, Val, Met, He, Leu, Tyr, Phe, His, Lys, and Arg were strictly 
linear (R 2 = 0.999, RSD = 4.5%). Limits of detection of individual 
amino acids were down to submicromolar concentrations. In plant 
exudates, contents of amino acids threonine, glycine, alanine, 
tyrosine, histidine, lysine, and arginine were particularly deter¬ 
mined. In the event of the plants stress, the increasing of lysine 
and phenylalanine content for more than 100% in comparison with 
control group of plants was evident. 

Acknowledgments: Financial support from GACR 522/07/0692 and 
GACR 204/09/H002 is greatly acknowledged. 


Polyamines 

Determination of Global effect of polyamines on 
regulating growth related gene expression 

Guy Landau and Chaim Kahana 

Department of Molecular Genetics, the Weizmann Institute of 
Science, Rehovot 76100, Israel 

Our present study aims at exploring the molecular mechanisms that 
underlie the involvement of polyamines in regulating cellular prolif¬ 
eration. We decided to undertake a genome wide approach by testing 
global changes in pattern of gene expression occurring in polyamine- 
depleted cells. RNA was isolated from NIH3T3 cells treated with 
DFMO for 4 days. Since FACS analysis revealed that DFMO treated 
NIH3T3 cells arrest predominantly at the G1 phase, G1 cells were 
isolated by cell sorting and compared to G1 cells from growing 
culture. DMSO treated cells that also arrest predominantly at the G1 
phase were used as a control. The RNA was used for preparing probes 
that were hybridized to affymetrix DNA arrays. Clear differences 
were observed between the DFMO arrested, growing cells and the 
DMSO arrested cells. DNA array analysis was also used to determine 
the temporal sequence of changes in gene expression occurring up to 
the point of complete arrest and after the arrest was relieved by the 
addition of exogenous polyamines. Since there are claims that poly¬ 
amines affect cellular proliferation predominantly through eIF5A 
hypusination, we used DNA array analysis to compare the pattern of 
changes in gene expression in cells that were growth arrested by 
DFMO versus GC7 (hypusination inhibitor) treatments. 

We also revisited the important question of whether antizyme 
affects cellular proliferation solely by affecting proteins that regulate 
cellular polyamine metabolism or whether antizyme regulates other 
cell cycle regulators. 

Phase II prospective trial associating a polyamine 
free diet and docetaxel in hormone refractory 
prostate cancer patients: preliminary results 

B. Cipolla 1 , R. Havouis 2 , and J. P. Moulinoux 1 ' 2 

'Nutrialys, Rennes, France 
2 University of Rennes, Rennes, France 

Introduction: Polyamine free diet (PFD) has anticancer properties 
and synergistic effects with chemotherapy in pre-clinical models. We 
are assessing quality of life of HRPC patients treated by chemo¬ 
therapy with PFD. 

Methods: 12 patients with metastatic HRPC were enrolled in a phase 
II trial associating a PFD with docetaxel (75 mg/m 2 , 6 cycles every 
3 weeks). PFD is an industrially manufactured canned liquid nutrient 
covering all nutritional needs, proposed during the first two weeks. A 
polyamine reduced meal is then introduced for 2 weeks, then two 
meals a day with one PFD meal for the rest of the trial. PFD was 
started 3 weeks before docetaxel induction. Quality of life was 
assessed by EORTC QLQC-30 questionnaires, performance status by 
the WHO scale and pain by pain scales and analgesic consumption. 
Body weight and blood parameters were regularly evaluated. 
Results: 3 patients did not complete the protocol. All patients are 
evaluable for the PFD alone period and nine patients for the PFD- 
docetaxel association. 
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Quality of life, performance status and pain were significantly 
improved during the protocol, particularly during the PFD alone 
period, with no significant clinical or biological side effects usually 
observed with docetaxel. PSA reduction is observed in six patients. 
Conclusion: these preliminary results show a significant quality of 
life improvement with PFD alone or with docetaxel in HRPC. 


Pleiotropic effects of manipulating putrescine 
metabolism on the cellular transcriptome 
and the metabolome 

Subhash C. Minocha 1 , Sridev Mohapatra 1 , Rakesh Minocha 2 , and 
Lucas Lee 3 

'Department of Biological Sciences, University of New 
Hampshire, Durham, NH, USA 

2 USDA Forest Service, Northern Research Station, Durham, NH, 
USA 

3 Roy J. Carver Biotechnology Center, University of Illinois, 

Urbana, IL, USA 

The polyamine metabolic pathway is intricately connected to the 
metabolism of several amino acids. While ornithine and arginine serve 
as direct precursors of putrescine, they themselves are synthesized from 
glutamate in multi-step processes involving several enzymes. Addi¬ 
tionally, glutamate is an amino group donor for the synthesis of several 
other amino acids, and acts as a substrate for the biosynthesis of proline 
and y-aminobutyric acid, metabolites that play crucial roles in plant 
stress responses. Poplar (Populus nigra x maximowiczii) cells, trans¬ 
formed with a constitutively expressing mouse ornithine decarboxylase 
gene were used to study the effect of up-regulation of putrescine bio¬ 
synthesis (and concomitantly its enhanced catabolism) on cellular 
contents of all protein amino acids, two non-protein amino acids 
(ornithine and y-aminobutyric acid), and the general metabolome. Up- 
regulation of putrescine metabolism affected the accumulation of most 
amino acids in the cells. There was a decrease in cellular glutamine, 
glutamate, ornithine, arginine, histidine, serine, glycine, phenylalanine, 
tryptophan, aspartate, lysine, leucine, and methionine; the contents of 
alanine, threonine, isoleucine and y-aminobutyric acid increased. An 
overall increase in total cellular nitrogen and carbon was also observed 
in high putrescine metabolizing cells. In the same two cell lines, we also 
found that upregulation of putrescine biosynthesis had effects that went 
beyond the metabolism of amino acids, particularly in the organic acids 
of the glycolytic pathway and the TCA cycle. Thus genetic manipula¬ 
tion of the polyamine pathway showed pleiotropic effects covering the 
entire cellular metabolism. 


Deciphering functions of poly-plural polyamines 
via novel transgenic plant systems 

Autar K. Mattoo et al. 

United States Department of Agriculture, Agricultural Research 
Service, The Henry A. Wallace Beltsville Agricultural research 
Center, Sustainable Agricultural Systems Laboratory, Beltsville, 

MD, USA 

Transgenic tomato plants homozygous with the introduced gene con¬ 
struct ySAMdc-E8 were developed in order to understand the role of 
higher polyamines, spermidine (Spd) and spermine (Spm), in plant 
biology. The NMR-based metabolite profiling suggests that Spd and 
Spm are perceived as ‘signaling’ organic-N metabolites by the fruit 
cells, revive metabolic memory and stimulate carbon sequestration. 


enhanced synthesis of biomolecules, and nitrogen use efficiency. 
Transcriptome analysis revealed a large number of differentially 
expressed genes, representing discrete functional categories as well as 
novel pathways: amino acid biosynthesis, carotenoid biosynthesis, cell 
wall metabolism, chaperone family, flavonoid biosynthesis, fruit rip¬ 
ening, isoprenoid biosynthesis, polyamine biosynthesis, signal 
transduction, stress/defense related, transcription, translation, and 
vacuolar function. Our analyses suggest that polyamines act as anti- 
apoptotic regulatory molecules and cross talk with specific signaling 
pathways. We have also identified gene clusters in tomato genome 
which are targets of polyamine action and reveal complex nature of Spd 
and Spm action in regulating plant processes. 

Agmatine and brain mitochondria: transport 
mechanism and prevention against permeability 
transition induction by Ca 2+ 

Valentina Battaglia 1 , Silvia Grancara 1 , Mario Mancon 1 , 

Joseph Satriano 2 , Enzo Agostinelli 3 , and Antonio Toninello 1 

'Dipartimento di Chimica Biologica, Universita di Padova, Italy 
department of Neurosciences, University of California San 
Diego, California, USA 

dipartimento di Scienze Biochimiche “Rossi Fanelli”, 

Universita di Roma “La Sapienza”, Italy 

Agmatine is a biogenic amine synthesized by arginine decarboxylase 
(ADC). At physiological pH it is completely protonated and behaves 
as a divalent cation. Agmatine is metabolized by two distinct 
enzymes: (1) a diamine oxidase in peripheral tissues, which catabo- 
lizes agmatine to guanidobutyraldehyde and hydrogen peroxide, (2) 
agmatinase, which catalyzes the formation of urea and putrescine in 
brain. Agmatine is generally transported across the plasma membrane 
as a monocation and the transporter has been identified as the ex¬ 
traneuronal monoamine transporter (EMT) or the organic cation 
transporter 2 (OCT-2). In brain agmatine exhibits neurotransmitter 
and neuromodulator properties, is released by membrane depolar¬ 
ization, interacts with receptors (i.e. a-adrenergic, imidazoline). 

Previous papers demonstrated that agmatine exhibits strict rela¬ 
tionships with brain mitochondria. In fact, its presence has been 
recognized in these organelles as well as that of metabolic enzymes, 
ADC and agmatinase. Also the U receptor, which binds agmatine, is 
located in mitochondrial membrane. Taking into account these obser¬ 
vations, the aim of this study is to evaluate if agmatine is transported in 
brain mitochondria and what is the physiological role of this process. 

Results show that agmatine is taken up by an electrophoretic 
mechanism showing different as regards previously discovered in liver 
mitochondria. Indeed the interaction between agmatine and brain 
mitochondria evidence a clear protective dose-dependent effect, by the 
diamine, against the permeability transition induction by supraphysi- 
ological Ca 2+ concentration. This suggests an involvement of agmatine 
in modulating the triggering of the pro-apoptotic pathway. 

Polyamine reduced diet and low dose metronomic 
cyclophosphamide in hormone refractory prostate 
cancer (HRPC) patients 

B. G. Cipolla 1 ' 2 , R Havouis 1 , and J. P. Moulinoux 1 

'URA CNRS 1529, University of Rennes I, France 
2 CHP St Gregoire, Rennes, France 

Introduction: Reducing exogenous dietary polyamines may 
favourably impact quality of life in HRPC patients. In pre-clinical 
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models, polyamine deprivation potentializes low dose chemothera¬ 
pies. We have assessed the association of a polyamine reduced diet 
with low dose metronomic cyclophosphamide chemotherapy in 
HRPC patients. 

Methods: 22 patients, mean age 75 ± 8 (56-87) years with HRPC 
had a polyamine reduced diet as previously described and low dose 
metronomic cyclophosphamide, 100 mg daily, 3 weeks out of four, 
continued until PSA progression. WHO performance status, EORTC 
pain scale, body weight, serum prostate specific antigen (PSA) and 
blood counts were assessed. 

Results: WHO performance status, body weight, haemoglobin and 
platelets were not impaired. For white blood cells, only asymp¬ 
tomatic grade 2 lymphopenia was regularly observed. No 
significant toxicity was observed for patients >75 years (64%). 
PSA reduction or stabilization was observed for 16 patients (72%) 
for a mean 6 ± 4 months. Six patients (33%) had a >50% PSA 
decrease. 

Conclusions: polyamine reduced diet and low dose metronomic 
cyclophosphamide is well tolerated with little toxicity, particularly 
in the elderly patient. A >50% PSA reduction response can be 
observed for a mean six months, which is appreciable in this 
aggressive disease. 


Novel convenient synthesis of biologically active 
esters of hydroxylamine 

M. Khomutov 1 , J. Weisell 2 , A. Simonian 1 , and J. Vesalainen 2 

'Engelhardt Institute of Molecular Biology, Russian Academy of 
Sciences, Moscow, Russia 

department of Biosciences, Laboratory of Chemistry, University 
of Kuopio, Kuopio, Finland 

Substrate-like O-substituted hydroxylamines are effective inhibitors 
of carbonyl-dependent enzymes of amino acids metabolism, 
including ornithine- and .S'-adenosy I methionine decarboxylases. 
Other biochemical applications of O-substituted hydroxylamines 
cover the preparation of different conjugates of peptides, nucleic 
acids, and recently the use of aminooxy resins for the isolation of 
carbohydrates. All above requires the preparation of rather compli¬ 
cated functionally substituted derivatives of hydroxylamine. Most of 
published synthetic methods start with corresponding alkyl halides, 
which react with JV-protected hydroxylamine derivative. Subsequent 
transformations in the radical of the intermediate ester and removal 
of /V-protection group result in required O-substituted hydroxyl¬ 
amine derivatives. A family of functionally substituted alcohols is 
much diversed, as compared with corresponding alkyl halides. 
However, the only preparative method to obtain O-substituted hy¬ 
droxylamines starting from alcohols is Mitsunobu reaction. 
Unfortunately, the properties of A-alkoxyphtalimide group make 
impossible to perform many of commonly used reactions of nucle¬ 
ophilic substitution to introduce functional group(s) in the side-chain 
of hydroxylamine ester. To overcome this serious disadvantage we 
suggest using ethyl A-hydroxyacetimidate, which is easily alkylated 
with readily available mesylates of functionally substituted alcohols 
in a high yield. This opens a possibility to perform wide spectra of 
the transformations in the side chain of /V-protected ester of 
hydroxylamine and to obtain required functionally substituted 
structures. A set of examples illustrate the syntheses of hydroxyl- 
amine-containing inhibitors of ornithine decarboxylase and also 
synthesies of 4-methylagmatine—earlier unknown mimetic of 
agmatine. 

Acknowledgments: This work was supported by grants from RFBR 
(09-04-01272) and Academy of Finland (124185) 


Influence of different abiotic stresses 
on the accumulation of polyamines 

Zita Kovacs 1 , Livia Simon-Sarkadi 1 , Gabor Galiba 2 ' 3 , 
and Gabor Kocsy 2 

'Department of Applied Biotechnology and Food Science, 

Budapest University of Technology and Economics, Budapest, 
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Sciences, Martonvasar, Hungary 

department of Nanotechnology, Pannon University, Veszprem, 
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Environmental stresses influence the growth, development and agri¬ 
cultural production of cereals adversely. Many plants are able to 
increase their stress tolerance in response to destructive effects. This 
process contains many chromosome affected biochemical and phys¬ 
iological changes, for example in accumulation of compatible solutes 
such as carbohydrates, free amino acids and biogenic amines. 

Biogenic amines are nitrogen-containing low molecular weight 
compounds with biological activity. They can be formed and catab- 
olised during the normal metabolism of plants, animals and 
microorganisms. Biogenic amines are derived mainly from decar¬ 
boxylation of amino acids through substrate-specific decarboxylase 
enzymes. In plants, polyamines (spermidine, spermine and their 
precursor putrescine) are the most common biological active amines. 
They are involved in various physiological processes such as devel¬ 
opment, senescence and stress responses. During stress, polyamines 
especially the diamine putrescine, act as reactive oxygen species 
scavenging, protect membranes and macromolecules and play a role 
as signalling molecules in expression of several stress-related genes. 

The aim of our work to investigate the effect of different abiotic 
stresses (low temperature, osmotic stress) and chromosome 5A of 
wheat, one of the main regulators of stress tolerance, on the accu¬ 
mulation of biogenic amines. The moderately frost-sensitive Triticum 
aestivum cv. Chinese Spring wheat cultivar and the frost-tolerant 
Chinese Spring (Cheyenne 5A) and the frost-sensitive Chinese Spring 
(T. spelta 5A) chromosome 5A substitution fines were used in the 
experiments. Significant differences were found between the sensitive 
and the tolerant genotypes. Quantitative determination of polyamines 
was accomplished by ion-exchange chromatography (amino acid 
analyzer). 


The change of antizyme inhibitor expression 
and its possible role during mammalian cell cycle 

Yasuko Murakami 1 , Junichiro Suzuki 1 , Keijiro Samejima 1 , 

Noriyuki Murai 2 , Senya Matsufuji 2 , and Takami Oka 1 ' 3 

'Musashino University, Tokyo, Japan 

2 The Jikei University School of Medicine, Tokyo, Japan 

3 Wakunaga pharmaceutical company, Hiroshima, Japan 

Antizyme inhibitor (Ain), a homolog of ODC, binds to antizyme and 
inactivates it. We report here that Ain increased at the G1 phase of the 
cell cycle, preceding the peak of ODC activity in HTC cells in cul¬ 
ture. During interphase Ain was present mainly in the cytoplasm and 
turned over rapidly with the half life of 10-20 min, while antizyme 
was localized in the nucleus. The level of Ain increased again at the 
G2/M phase along with ODC, and the rate of turn-over of Ain in 
mitotic cells decreased with the half-life of approximately 40 min. 
Ain was colocalized with antizyme at centrosomes during the period 
from prophase through late anaphase and at the midzone/midbody 
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during telophase. Thereafter, Ain and antizyme were separated and 
present at different regions on the midbody at late telophase. Ain 
disappeared at late cytokinesis, whereas antizyme remained at the 
cytokinesis remnant. Reduction of Ain by RNA interference caused 
the increase in the number of binucleated cells in HTC cells in cul¬ 
ture. These findings suggested that Ain contributed to a rapid increase 
in ODC at the G1 phase and also played a role in facilitating cells to 
complete mitosis during the cell cycle. 


Effect of taurine on oxidative stress and pao activity 
in mitochondria isolated from the testes of rats 
with alloxan-induced diabetes mellitus 

Dusica Pavlovic 1 , Goran Koracevic 2 , Ivana Stojanovic 1 , 

Tatjana Cvetkovic 1 , and Gordana Kocic 1 ' 2 

'institute of Biochemistry, Medical Faculty University of Nis, 

Nis, Serbia, pavlovic.dusica@gmail.com 

2 Cardiology Department, Clinical Centre, Medical Faculty, 

University of Nis, Nis, Serbia 

Although polyamines are present in high concentrations in repro¬ 
ductive tissues, their roles still remain to be elucidated. Polyamino 
oxidase (PAO) catalyzes the oxidation of spermine, spermidine and 
their acetylated derivatives. Degradation products, such as H2O2 and 
aldehyde(s), leads to DNA fragmentation and cell death by apop¬ 
tosis. Recently, it has been found that taurine may enhance sperm 
production and motility. There is little evidence to suggest that 
endocrinopathy or spermatogenic disorders are the primary cause of 
infertility in diabetics. The study aimed to examine the mechanisms 
by which taurine exerts beneficial effects on oxidative stress and 
polyamine catabolism in isolated testes mitochondria of aloxan 
diabetic rats. A single dose of aloxane (170 mg/kg BW) signifi¬ 
cantly increased testes PAO activity (4.19 ± 0.33 vs. control 
3.4 ± 0.21; P < 0.01) as well as MDA level (10.8 ± 0.93 vs. 
control 6.0 ± 0.42; P < 0.001). Taurine (1.6 mmol/kg BW), given 
intraperitoneally 1 day before aloxane, as well as continually as 
single daily dose for 5 days, significantly decreased testes PAO 
activity (2.83 ± 0.72; P < 0.001) and concentration of MDA 
(8.2 ± 0.94; P < 0.005). Application of taurine to control animals 
produces the same effects. Obtained in vitro results indicate that 
taurine had no effect on MDA in a dose-dependent manner in the 
model of Fe 2+ induced oxidative stress in the suspension of 
phospholipid liposomes. We propose that taurine has a restorative 
effect on aloxan-induced testes damage by decreasing oxidative 
stress and PAO activity, with potential therapeutic value in diabetic 
infertility. 


Comparative study of antiproliferative 
and antitumor properties for novel heterocyclic 
compounds mediated by polyamines’ metabolism 
in tissues with rapid cell proliferation 

V. A. Frolov, S. P. Syatkin, K. A. Golomazova, 

T. V. Fedoronchuk, A. N. Levov, and A. A. Shevchenko 

Medical Faculty, Russian Peoples’ Friendship University, 

Moscow, Russia 

Influence of new synthetic heterocyclic compounds on polyamine 
metabolism in tissues with rapid cell proliferation was investigated. 


Quantitative assessment of action of these substances on synthesis 
and oxidative desamination rate of putrescine, spermidine and 
spermine and on the levels of polyamines in test-systems was car¬ 
ried out. Cell-free testing systems of regenerating liver and 
hepatoma I -27 were used. Tissue-culture of tumor cells (trans¬ 
formed fibroblasts of hamster—L-cells, human ovarian carcinoma— 
CaOv, melanoma of mice—B16-F10) were used as model cell 
testing systems. 

Obtained results allows to suppose presence of carcinogenic 
properties in dioxaboreninopyridine and benzimidazole derivatives, 
proliferative properties in piperidone derivatives, antiproliferative 
properties in aniline derivatives, oncoprotective properties in bis- 
uridile derivatives and properties of inductors of cytodifferentiation in 
azafluorene and xantine derivatives. 

Perspective of further investigation of azafluorene, xantine and 
Bis(uracilyl) PA analogs as potential anticancer drugs was shown. It 
was established advantage of effectiveness of azafluorene derivatives 
over other heterocyclic substances. 


Regulation of polyamines’ metabolism 
by benzimidazole and azafluorene derivatives 
in tissues with rapid cell proliferation 

S. P. Syatkin, K. A. Golomazova, T. V. Fedoronchuk, 

A. N. Levov, and A. A. Shevchenko 

Medical Faculty, Russian Peoples’ Friendship University, 

Moscow, Russia 

Polyamine (PA) metabolism can be a suitable experimental target in 
studying the proliferative activity of tissues and the biological prop¬ 
erties of substances that influence that activity. 

The biochemical properties of 12 derivatives of benzimidazole 
(1,2) and azafluorene (3-12) were studied: l)7-aminopyrido 
[l,2-ot]benzimidazole, 2)7-nitropyrido [1,2-a] benzimidazole, 3) 
l-amino-4-azafluoren, 4)l-amino-4- azafluorenol, 5)9-dicyanometh- 
ylene-4- azafluoren, 6)9-[a-(/Miydroxyethyl)aminomethylene]-4- 
azafluoren, 7)9-[a-pyridilaminomethylene]-4-azafluoren, 8)l-amino- 
9-phenylamino-4- azafluorene, 9)l-amino-4-azafluorenon-9, 10)1, 
4-diazoacetonaphthylene[1.2-f]-fluorantene, I l)2-methoxyearbonyl- 
(/?-benzoilethyl)aniline, 12)5-(2-methoxycarbonyl)-phenyl-ot-furfural. 

The effect of substances on PA disintegration, levels and synthesis 
has been quantitatively assessed on a model cell-free testing system of 
tissue with rapid cell proliferation: the rat regenerating liver and 
hepatoma G-27. The carcinogenic and antitumour properties of new 
chemical substance have been assessed by character and level of their 
effect on the rate of PA disintegration and synthesis during 1 h 
incubation. 

All tested substances, except (1), notably increase spermidine 
disintegration. All studied chemical compounds decrease omitinede- 
carboxylase (ODC) activity in regenerating liver. Substances (3), (8), 
(9) and (10) appeared to be the most effective inhibitors of putrescine 
and PA synthesis rate. The same compounds (3, 8, 9, 10) decreased 
PA levels in the most active way. 

Benzimidazole derivatives 1 and 2 decrease in 1,5-1,7 times 
aminoxidase activity in regenerative liver so they are potentially 
carcinogenic agents. Azafluorene derivatives 8 and 10 decreased 
the level of polyamines 50-70% less. Therefore, these substances 
could suppress carcinogenic proliferation. Compounds 3, 8, 10, 
decreasing ODC activity 30-50% less, may be potential antipro¬ 
liferative agents. These testing system is very suitable in primary 
collection of low-toxic substances with a potential antiproliferative 
activity and in forecasting carcinogenic properties of chemical 
compounds. 
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Study of immunogenic properties of the 
antileukemic substance L-lysine-a-oxidase 
from trichoderma harzianum rifai 

I. P. Smirnova, V. M. Podboronov, S. P. Syatkin, 
and I. Sh. Khasanov 

Medical Faculty, Russian Peoples’ Friendship University, 

Moscow, Russia 

L-lysine-a-oxidase is a new enzyme obtained from fungi of the genus 
Trichoderma. The enzyme catalyzes oxidative deaminization of 
essential amino acid L-lisyne. 

Study of immunogenic properties of L-lysine-a-oxidase was carried out 
with repeated injection of the preparate to mice (C57B1 line). Sub¬ 
stance of L-lysine-a-oxidase was injected intravenously in therapeutic 
doses 35 E/kg daily during 5 days. Blood was tested weekly during 
four weeks from the immunization start of the group of seven animals. 
Obtained blood serums were analyzed by immune-enzyme analysis. 

The dynamics of humoral immune response to the introduction of 
the enzyme L-lysine-a-oxidase did not differ from the characteristics 
of antibody-formation in response to the introduction of protein 
antigens. The maximum content of antibodies in animals was from 
the seventh until fourteenth day of the experiment. Antibody titer 
decrease was observed during the next days. 

It should be noted that the titers of immune-enzyme analysis are 
very low. This fact indicates a low immunogenicity of enzyme 
preparation in tested dose of 35 E/kg or 0.8 mg protein/kg. We can 
compare these results with immunogenicity of the well-known anti¬ 
cancer drug L-asparaginase from E. coli, allowed for clinical 
application. The introduction of L-asparaginase five times in a dose 
300 E/kg (2.0 mg/kg) leads to an increase of antibody titer to 1/256, 
which considerably exceeds titers to L-lysine-a-oxidase (1/64). 

Thus, the intensity of immune response to L-lysine-a-oxidase does 
not exceed or even slightly lower than the other enzyme antitumor 
drug L-asparaginase. 

Kinetic characterization of a novel copper amine 
oxidase activity from rat liver mitochondria matrix 

Sara Cardillo 1 , Angela De Iuliis 2 , Valentina Battaglia 1 , 

Antonio Toninello 1 , Roberto Stevanato 3 , and Fabio Vianello 1 

'Department of Biological Chemistry, University of Padua, 

Padua, Italy 

department of Medical Sciences, University of Padua, Padua, Italy 
department of Physical Chemistry, University of Venice, Venice, 

Italy 

The present study reports preliminary results on the presence of a novel 
Copper containing amine oxidases (Cu-AO, EC 1.4.3.6.) in rat liver 
mitochondria lysates. Such enzymatic activity was found in the soluble 
mitochondrial fraction, obtained by simple osmotic shock. The mito¬ 
chondrial amine oxidase was isolated by affinity chromatography on a 
newly synthesised spermine-Sepharose. SDS-PAGE showed a single 
band at about 60 kDa. Upon chromatographic purification, the enzymatic 
activity was very labile. The cmde enzyme activity was tested by spec- 
trophotometric measurements, determining hydrogen peroxide 
production following oxidative deamination of different substrates, such 
as polyamines (spermine, spermidine, putrescine and cadaverine) and 
monoamines (dopamine and benzylamine). The activity, observed on 
polyamines and not on monoamines, was inhibited by semicarbazide and 
azide, but not by pargyline, clorgyline and L-deprenil. Enzyme specificity 
was tested on several diamines characterized by different carbon atom 
chain length in the range 2-6 carbon atoms. The highest activity was 


found with 1,2-diamino-ethane and the highest affinity with 1,5-diamino- 
pentane. The above reported results suggest the presence of a novel 
copper-dependent amine oxidase in fiver mitochondria matrix. 


The effect of hypusine modification and acetylation 
on the intracellular localization of eIF5A 

Seung Bum Lee, Jong Hwan Park, and Myung Hee Park 

Oral and Pharyngeal Cancer Branch, National Institute of Dental 
and Craniofacial Research, National Institutes of Health, 

Bethesda, MD, USA 

Eukaryotic translation initiation factor 5A (eIF5A) is a highly con¬ 
served translation factor essential for eukaryotic cell proliferation. 
This is the only cellular protein that contains hypusine [N E -(4-amino- 
2-hydroxybutyl)lysine] which is formed post-translationally by con¬ 
jugation of a portion of the polyamine spermidine to a specific lysine 
residue. Hypusine synthesis occurs by way of two consecutive 
enzymatic reactions catalyzed by deoxyhypusine synthase (DHS) and 
deoxyhypusine hydroxylase (DOHH). eIF5A also undergoes an 
acetylation at specific Lys residue(s) (Lys47). Although eIF5A has 
been reported to be distributed in cytoplasm was well as in nuclei, 
functional significance of nuclear eIF5A is unknown. In this study, we 
have investigated the effect of hypusine modification and acetylation 
on subcellular localization of eIF5A using non-tagged, Flag-tagged 
and GFP-tagged eIF5A. Immunocytochemical analyses showed dif¬ 
ferences in intracellular distribution of unmodified eIF5A precursor, 
eIF5A(Lys) and the hypusine-containing eIF5A. Whereas unmodified 
eIF5A(Lys) is more concentrated in nuclei than in cytoplasm, the 
hypusine form is localized mainly in cytoplasm. eIF5A mutant pro¬ 
teins that is defective in hypusine modification (K50A, K50R) were 
localized similar to eIF5A(Lys), whereas the hypusine-modified 
mutant proteins (K47A, K47R and K68A) were localized preferen¬ 
tially in cytoplasm. Although acetylated eIF5A was mainly found in 
cytoplasm, there was little difference in the overall eIF5A distribution 
pattern between the acetylatable and non-acetylatable eIF5A mutants, 
presumably because only a small fraction of eIF5A was acetylated. 
These findings demonstrate that the hypusine modification of eIF5A 
maintains the active eIF5A(Hpu) in the cytoplasmic compartment, 
where it is required for protein synthesis. 

Deoxyhypusine hydroxylase from plasmodium: 
a protein with E-Z type heat repeat motifs 
present in photosynthetic phycocyanin lyase 
of cyanobacteria 

David Frommholz 1 , Peter Kusch 1 , Robert Blavid 1 , Hugo Scheer 2 , 
Jun-Ming Tu 2 , Katrin Marcus 3 , Kai-Hong Zhao 4 ’ 5 , 

Veronica Atemnkeng 1 , Jana Marciniak 1 , and Annette E. Kaiser 1 

Fachhochschule Bonn Rhein-Sieg, Rheinbach, Germany 
2 Botanisches Institut, Universitat Miinchen, Munich, Germany 
3 Medizinisches Proteom Center, Ruhr-Universitat Bochum, 

Bochum, Germany 

4 State Key Laboratory of Agricultural Microbiology, Huazhong 
Agricultural University, Wuhan, People’s Republic of China 
5 College of Life Science and Technology, Huazhong University 
of Science and Technology, Wuhan, People’s Republic of China 

One of the most important issues facing global health today is the need 
for new, effective and affordable drugs against malaria which are 
limited by factors ranging from parasite resistance to safety and cost. 
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In search for new targets for antimalarials we have investigated the 
biosynthesis of hypusine present in eukaryotic initiation factor (elF- 
5A), in particular the deoxyhypusine synthase (DHS), and eIF-5A 
from the different human malaria parasites P. falciparum and P. 
vivax. We now describe the cloning and expression of deoxyhypusine 
hydroxylase (DOHH), the enzyme that completes the modification of 
eIF-5A through hydroxylation. The sequence of the dohh cDNA 
revealed an open reading frame of 1,236 bp encoding a protein of 412 
amino acids with a calculated molecular mass of 46.45 kDa and an 
isoelectric point of 4.96. Interestingly, DOHH from Plasmodium has a 
FASTA SCORE of only 27 compared to its human ortholog and 
contains several matches similar to E-Z type HEAT-like repeat 
proteins (IPR004155) (InterPro), PF03130 (Pfam), SM00567 
(SMART) present in phycocyanin lyase subunits of cyanobacteria. 
Expression of DOHH in E. coli resulted in a signal of 42 kDa in SDS 
PAGE analysis. The purified protein displayed hydroxylase activity in 
a novel in vitro DOHH assay. In contrast, phycocyanin lyase activity 
was absent. 

The dohh gene is present as a single copy gene in the genome of 
Plasmodium and is transcribed in both developmental stages. The N- 
terminus of Plasmodium DOHH contains a signal peptide which 
might direct the protein to a different cellular compartment. 


Biogenic polyamines: the structural variable 

M. P. M. Marques 1 ’ 2 , A. M. Amorim da Costa 1 , J. Tomkinson 3 , 

R. Calheiros 1 , and L. A. E. Batista de Carvalho 1 

'“Molecular Physical-Chemistry”, R&D Unit, University 
of Coimbra, Coimbra, Portugal 

2 Biochemistry Department, University of Coimbra, Coimbra, 
Portugal 

3 ISIS Facility, The Rutherford Appleton Laboratory, Chilton, UK 

Biogenic polyamines—putrescine (PUT, H 2 N(CH 2 ) 4 NH 2 ), spermidine 
(SPD, H 2 N(CH 2 ) 3 NH(CH 2 ) 4 NH 2 ), spermine (SPM, H 2 N(CH 2 ) 3 
NH(CH 2 ) 4 NH(CH 2 ) 3 NH 2 ) or agmatine (AGM, NH 2 -CH 2 -CH 2 -CH 2 - 
CH 2 -NH-C(-NH 2 )(= NH))—are ubiquitous in cells of higher organ¬ 
isms and fundamental characters in processes essential to life as cell 
growth and differentiation, through tightly regulated concentration- 
dependent routes. MGBG (methylglyoxal Ms(guanylhydrazone)), for 
instance, is a competitive inhibitor of S-adenosyl-L-methionine decar¬ 
boxylase, therefore involved in the biosynthesis of SPD and SPM. 

The activity of a biologically relevant compound, however, does 
not rely solely on its chemical properties, but it is also dependent on 
its conformational preferences, that must be accurately determined for 
a thorough understanding of its function and mechanisms of action. 

The present report describes the conformational analysis of PUT, 
SPD, SPM and AGM, as well as of MGBG, through quantum 
mechanical calculations coupled to vibrational spectroscopy tech¬ 
niques (infrared, Raman and Inelastic Neutron Scattering). 

The conformational preferences of this kind of alkylamines, 
comprising different protonation sites, are ruled by their biochemical 
environment (i.e. pH, type of tissue and nearest biomolecules or 
receptors). They rely on a balance between the formation of stabil¬ 
ising intramolecular (N)H: N and/or (C)H: N hydrogen-bonds, and the 
minimisation of steric and electrostatic repulsive interactions. Under 
physiological conditions, polyamines occur are either totally proton- 
ated, natural polycations, or as partially ionised species (in particular 
situations). 

The establishment of these highly sensitive structure-activity 
relationships allows to achieve a better understanding of polyamines’ 


particular biological roles, and to predict mechanisms for their 
transport and mode of action. 

Acknowledgments: MPMM, AMAC and LAEBC acknowledge 
financial support from FCT (PTDC/QUI/66701/2006). 

Delivering anti-cancer agents to human leukaemic 
cells via polyamine transport system 

Heather M. Wallace 1 , Radiah A. Ghani 1 , Andrew J. Palmer 1 , 
Navneet Kaur 2 , and Otto Phanstiel 2 

'Department of Applied Medicine, University of Aberdeen, UK 
department of Chemistry, University of Central Florida, 
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One of the big challenges to oncology is to deliver cytotoxic agents 
selectively to cancer cells. Currently, the lack of selectivity has 
limited the clinical use of many of the available drugs. By enhancing 
specific cell targeting, non-specific toxicities can be minimised. By 
taking advantage of the highly active polyamine uptake system (PTS) 
in tumour cells we have developed a novel way to deliver polyamine- 
drug conjugates selectively to cancer cells. The PTS is relatively non 
specific and does not differentiate between natural polyamines and 
structural analogues and so can accommodate a range of polyamine 
conjugates. Using this delivery system, chemotherapeutic drugs 
attached to a polyamine chain can be targeted to tumour cells via 
selective uptake and at the same time the toxic effects on normal cells 
can be decreased. A series of novel compounds, which include a DNA 
intercalator, anthracene, with a polyamine side chain have been 
synthesized. 

The cytotoxicity of two compounds, namely 9-anthrace- 
nylmethyl-butanediamine (Ant 4), N 1 -anthracenylmethyl-4,4- 
triamine (Ant 4,4), was investigated as a paradigm for the delivery 
of cytotoxic agents via PTS using human leukaemic cells (HL-60) 
as in vitro model. The compounds showed significant toxicity and 
apoptosis. An interesting finding was the significant polyamine 
depletion caused by treatment with both compounds after 48 h 
exposure. Indirect methods were used to show that the conjugates 
used the PTS. 

In summary, the preliminary data indicate the Ant 4 and Ant 44 
recognise and utilise the PTS. This means of drug delivery via PTS 
represents a promising approach for therapies in cancer. 


Prognostic value of erythrocyte polyamine levels 
in renal cell carcinoma patients. A prospective 
analysis in 418 cases 

P. Bigot 1 , K. Bensalah 1 , N. Rioux-Leclercq 2 , F. Guide 1 , 

B. Lobel 1 , J.-P. Moulinoux 3 , V. Catros-Quemener 3 , B. Cipolla 3 ’ 4 , 
and J.-J. Patard 1 

'Urology, CHU Rennes, France 

2 Pathology, CHU Rennes, France 

3 URA CNRS 1529, University of Rennes I, France 

4 CHP St Gregoire, Rennes, France 

Introduction: Erythrocyte polyamines (EPA) Spermidine (Spm) and 
Spermine (Spm), are of prognostic interest in prostate carcinoma. We 
have assessed the value of EPA as prognostic markers in renal cell 
carcinoma patients. 
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Methods: Blood samples for EPA determination by HPLC were 
collected in 418 patients before nephrectomy. Results are expressed in 
nmol/8.10 9 erythrocytes. TNM stage, Fuhrman grade, ECOG per¬ 
formance and survival statuses were assessed. 

Results: Median age at diagnosis was 64 (21-88) years. Median 
follow-up was 41 (1-214) months. Median Spm and Spd levels 
were 4.7 (1-83) and 9 (2-86) nmol/8.10 9 erythrocytes, respectively. 
Spm and Spd were associated with T stage (P = 0.0001), and 
ECOG (P = 0.0001). Spm was associated with Fuhrman grade 
(P = 0.0001) but not with N and M stages. In univariate analysis, 
tumour size, TNM stage, Fuhrman grade, Spm and Spd 
(P < 0.0001) were predictors for cancer specific survival. In mul¬ 
tivariate analysis: TNM stage, ECOG and Spd remained 
independent prognostic factors (P = 0.0001). When Spm and Spd 
were dichotomized in qualitative variables they were both retained 
as independent predictors. 

Conclusions: EPA determination seems to be a promising new 
prognostic tool in renal cell carcinoma. 


Chloroquine potentiates cytotoxicity induced 
by enzymatic spermine metabolites on human 
cancer cells 

Enzo Agostinelli 1 , Maria Condello 2 , Agnese Molinari 2, 

Giampiero Tempera 1 , Nikenza Viceconte 1 , 
and Giuseppe Arancia 2 
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Chloroquine (CQ) is a derivative of quinine and has been widely 
used as an anti-malarial and anti-inflammatory drug. Many inves¬ 
tigations on the causes of the limited success of anticancer 
chemotherapy have oriented on cellular and molecular mechanisms 
underlying the multidrug-resistance phenomenon. Several studies 
have been performed to overcome the MDR phenotype and to 
develop innovative strategies effective against multidrug resistant 
(MDR) cancer cells. We are exploring the cytotoxic effect on both 
wild-type (WT) and MDR colon adenocarcinoma (LoVo) and 
melanoma (Ml4) cells induced by CQ, administered alone or in 
association with bovine semm amine oxidase (BSAO) and 
spermine. 

When the cells were pre-treated with CQ i 50 pM, kept in 
incubator at 37°C for 24-48 h and then treated with spermine/ 
BSAO <, 6 pM, the clonogenic assay showed that CQ was able to 
sensitize both WT and MDR cells, either M14 or LoVo, to the 
spermine metabolites. It was observed greater cytotoxicity on cells 
pre-treated with CQ than on those treated with only BSAO/spermine. 
Transmission electron microscopy observations showed that the pre¬ 
treatment of the cells with CQ caused the formation of numerous 
cytoplasmic vacuoles. The pre-treatment also increased the number of 
lysosomal structures as shown by confocal microscopy, indicating a 
contribution of the lysosomotropic properties of CQ to the sensiti¬ 
zation of the tumor cells to BSAO/spermine metabolites. This study 
indicates that CQ, in association with BSAO/spermine, could poten¬ 
tiate the effects of the enzymatic oxidation products of spermine and 
might be a new approach in anti-neoplastic therapy, particularly 
against MDR cancer cells. 


Integration of metabolic information: developing 
new tools and hypothesis to study amino acid/amine 
metabolism regulation 
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Systems Biology can make possible to approach the characterization 
of new emergent properties that cannot be discovered from reduc- 
tionistic studies. In Systems Biology it is becoming a routine task to 
build models of increasing complexity on a given biochemical net¬ 
work or pathway of interest. In order to help this task, we developed 
SBMM Assistant, a tool built using an ontology-based mediator, and 
designed to facilitate metabolic modeling through the integration of 
data from repositories that contain valuable metabolic information. 
SBMM Assistant (freely available for academic use at http://www. 
sbmm.uma.es) is an SBML-compatible and user-friendly tool that 
gives the user the ability to capture, enrich, generate and visualize 
biological networks, which was designed as an assistant for kinetic 
modeling. In this communication, we present several applications of 
SBMM Assistant to develop new tools and facilities to predict 
(environmental and/or genetic) alterations in cationic and sulphur 
amino acids related to different rare diseases and nutritional altera¬ 
tions. Metabolic modeling-driven hypothesis are validated and 
enriched through experimental molecular biology approaches 
including proteomic studies. By using this systemic approach, some 
metabolic effects were observed that, otherwise, they would have 
been hard to be detected and explained from a reductionistic view. 
The strategy and its results will be shown and discussed. 
Acknowledgments: Grants SAF2008-02522, BIO-657 (associated 
Excellence Grants), Fundacion Ramon Areces. 


Structural studies on human S-adenosylmethionine 
decarboxylase 

Shridhar Bale, Yang Zhang, and Steven E. Ealick 
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University, Ithaca, NY, USA 

Decarboxylated S-adenosylmethionine (AdoMet) provides an ami- 
nopropyl group for the biosynthesis of spermidine from putrescine, or 
of spermine from spermidine. S-Adenosylmethionine decarboxylase 
(AdoMetDC) is a pyruvoyl-dependent enzyme in which the pymvoyl 
cofactor is generated by autoserinolysis of a proenzyme. Both the 
autoprocessing reaction and the decarboxylation reaction for human 
AdoMetDC are activated by putrescine. In addition, human Ado¬ 
MetDC is highly selective for ligands that contain a positive charge 
corresponding to the sulfonium center of AdoMet. We have used site- 
directed mutagenesis, biochemical studies, theoretical calculations 
and X-ray crystallography to investigate the basis for putrescine 
activation and substrate specificity. Comparisons of putrescine bound 
and putrescine free structures of human AdoMetDC show that the 
conformation of a loop containing residues 312-320 depends on the 
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presence or absence of putrescine. Furthermore, the putrescine mol¬ 
ecule is linked to His243, an important active site residue nearly 20 A 
away, by a hydrogen bonding network. The requirement for a sulfo- 
nium center, or equivalent positive charge, results from cation-7i 
interactions involving Phe7 and Phe234, and from electrostatic 
interactions between the positive charge and the adenine N3 atom 
when the AdoMetDC is in the syn conformation. These observations 
have implications for the development of AdoMetDC inhibitors, 
which may he useful for anticancer or antiparasitic chemotherapy. 

Antizyme is necessary for conversion of pancreatic 
tumor cells into glucagon-producing differentiated 
cells 

Jun-ichiro Suzuki 1 , Yasuko Murakami 1 , Keijiro Samejima 1 , 

Kohfuku Kohda 1 , Masahiro Ohtani 1 , and Takami Oka 1,2 
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Human pancreatic tumor cell lines, AsPC-1, PANC-1, MIA paca2, 
KP-1 and KP-59 cells, can be induced to differentiate into pancreatic 
hormone-producing cells by brief trypsin treatment and the subsequent 
culture in a serum-free, chemically defined medium. During culture, 
AsPC-1 cells formed cell clusters resembling the pancreatic islets, 
expressed genes associated with the pancreatic development and 
produced glucagon but not insulin. When PANC-1, MIA paca2, KP-1 
and KP-59 cells were treated and cultured the same way, they 
underwent similar morphological changes and produced insulin and 
glucagon. We used these systems to identify intracellular regulatory 
molecules involved in the conversion of pancreatic tumor cells into 
glucagon-producing cells. We found that the expression of antizyme 1, 
a negative regulator of ornithine decarboxylase, was increased and its 
localization was altered from the nucleus to the cytoplasm during 
AsPC-1 cell differentiation. Transient transfection of AsPC-1 cells 
with antizyme 1 siRNA resulted in inhibition of the morphological and 
functional cell differentiation as well as the specific suppression of 
antizyme 1 expression. In contrast, constitutive overexpression of 
antizyme 1 in AsPC-1 cells led to the enhancement of glucagon pro¬ 
duction. We also found that PANC-1 cells reduced the expression of 
glucagon mRNA when treated with antizyme 1 siRNA. These results 
suggested that antizyme 1 was necessary for conversion of pancreatic 
tumor cells into glucagon-producing cells. Glucagon production in 
AsPC-1 cells was not affected by addition of putrescine, suggesting 
that the polyamines were not directly involved in the antizyme 1- 
mediated conversion of pancreatic tumor cells to differentiated state. 

Spermidine influence on arginase activity and nitric 
oxide synthesis relationship in different brain 
structures during experimentally induced seizures 

Ivana Stojanovic 1 , Ankica Jelenkovic 2 , Ivana Stevanovic 3 , 

Dusica Pavlovic 1 , Gordana Bjelakovic 1 , 
and Tatjana Jevtovic-Stoimenov 1 
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Introduction: Interactions of NO and polyamine metabolism, con¬ 
sidering that they originate from the same substrate, L-arginine, and 
their CNS functions, is very intrigant area in neuropathology research. 
Thatswhy the aim of this study was to examine exogenous spermidine 


effects on NO production and arginase activity during seizures 
induced by penthylene tetrazole (PTZ). 

Materials and methods: Male adult Wistar rats (300 ± 50 g), were 
used for the experiment. The animals were allocated into four 
experimental groups (8 in each): I (control)—treated by saline 
intraperitoneally (i.p.) applicated; II (PTZ)—seizures were induced by 
i.p. application of penthylenetetrazole (100 mg/kg bw); III (Spd)—the 
animals were treated by i.p. application of spermidine (1 mg/kg bw 
50 min before PTZ); and IV (Mid)—treated by antiepileptic Midaz¬ 
olam in a dose of 100 mg/kg b.w. 45 min before PTZ. The animals 
were followed 4 minutes after the symptoms onset. In cortex, stria¬ 
tum, hyppocampus, cerebellum and brainstem NO2 + NO3 levels and 
arginase activity were determined. 

Results: Spermidine, exerted proconvulsive effects related to seizures 
induced by PTZ, shortening the time of seizure symptoms onset. In all 
examined brain structures spermidine induced highly increased NO 
production related to values in PTZ group, confirming NO signalling 
system involvement in spermidine effects during seizures. Arginase 
acitivity was significantly diminished, suggesting its possible role in 
NO production regulation. 

Discussion: The present study reveals that exogenous spermidine 
potentiates PTZ convulsant activity in rats. This effect is, at least 
partly, mediated by increased nitric oxide synthesis with the most 
pronounced effects in cortex and striatum. 

Hydroxylamines for the regulation of the enzymes 
of polyamine metabolism 

A. Khomutov 

Engelhardt Institute of Molecular Biology, Russian Academy 
of Sciences, Moscow, Russia 

Spermine and spermidine metabolizing enzymes belong to different 
families and respectively chemically very different compounds were 
used to regulate their activities. Among these inhibitors the derivatives 
of hydroxylamine occupy rather unique place due to specific properties 
of aminooxy- and hydroxyamino groups. Their ability to form stable 
oximes with carbonyl compounds fast and quantitatively, as well as 
decreased pKa values and decreased nucleophility of aminooxy group 
as compared with aliphatic amino group, made it possible to obtain 
effective or in some cases even very effective inhibitors of target 
enzymes. Hence, within the same class of chemical compounds it turned 
possible to obtain the regulators of practically all polyamine metabolic 
pathways. Some recent data, including an attempt to prepare actively- 
transported inhibitors will be discussed. 

Acknowledgments: This works was supported by Russian Founda¬ 
tion for Basic Research (grant 09-04-01272). 

Putrescine-pectin conjugate: synthesis 
and biotechnological use 
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The biogenic diamine putrescine (1,4-diaminobutane) was covalently 
linked to low-methoxyl pectin, preliminarly oxidized with metape¬ 
riodate (Villalonga et al. in World J Microb Biotech 22:595, 2006), to 
produce a new aminated biodegradable polymer. The synthesized 
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putrescine-pectin conjugate (PPC) was found to be able to act as an 
effective acyl acceptor transglutaminase (TGase) (Mariniello and 
Porta in Prog Exp Tumor Res 38:174, 2005) substrate in vitro by 
using both dimethylated casein and soy flour proteins (SFP) as acyl 
donors. SDS-PAGE experiments, followed by fluorography of the gel, 
indicated that mono-dansylcadaverine, a well known amino donor 
TGase substrate, dose-dependently antagonized PPC covalent binding 
to the acyl donor proteins. Hence, PPC was tested to prepare, in 
combination with SFP, edible films in the absence or presence of 
purified microbial TGase (Mariniello et al. in J Biotech 102:191, 
2003). Characterization of the films produced in the presence of the 
enzyme catalyzing PPC covalent binding to SFP showed a significant 
decreased water vapour permeability with respect to the ones obtained 
with non-aminated pectin, as well as improved mechanical properties, 
such as tensile strength and elongation to break. A possible use of 
PPC containing films as coatings for drug delivery is suggested. 

Inducing in vitro and in vivo antiproliferation 
and differentiation by azafluorene derivatives 

A. A. Shevchenko 1 , S.P. Syatkin 1 , and S. Beninati 2 
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Substances inhibiting an oxidative deamination of polyamines are 
likely to manifest carcinogenic properties. And vice versa, chemical 
compounds activating the process of oxidative disintegration of 
putrescine and PAs may have an antitumor potential. The effect of 
benzimidazole (2 compounds) and azafluorene (13 compounds) 
derivatives on diaminoxidase and polyaminoxidase activity in a 
model of cell-free testing system from regenerating fiver tissue and 
hepatoma H-27 was studied. Then the influence of the compounds 
shown antineoplastic properties at a non-cellular level on proliferative 
and differentiative activity of murine melanoma B16-F10 cells was 
evaluated. Carcinostatic properties were manifested by substances 1- 
amino-4-azafluorenone-9, l-brom-4-azafluorenone-9 and l-amino-2- 
brom-4-azafluorenone-9. These substances can already be considered 
at this stage of testing as perspective oncoprotective medications. 

Chemical Biology as the cornerstone of polyamine 
research 
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Chemical Biology has been recognized as a distinct scientific entity 
for 10-15 years. This has most probable happened due to recognition 


of overwhelming complexity of living systems requiring novel 
rationally developed chemical tools to manipulate distinct metabolic 
or signaling pathways very precisely. Polyamine metabolism is a 
rational target for drug design. The key concept for supporting 
potential drug discovery is increasing knowledge about the specific 
physiological roles of individual polyamines and a proper under¬ 
standing of the regulation of polyamine metabolism in mammals and 
parasites. 

Here we present how Chemical Biology is being exploited to study 
and understand the complexity of polyamine metabolism and precise 
physiological functions of individual polyamines in living systems. 
Practical examples including the development of multisubstrate ana¬ 
log inhibitors and novel polyamine analogs are presented. Moreover, 
a testing platform for systematic studies is being described including 
some details of current method development. As a summary. 
Chemical Biology could be regarded as an umbrella covering the 
synthesis and development of sophisticated chemical tools and sys¬ 
tematic and detailed biological studies by experienced scientist in 
their individual fields. 


Novel C-methylated spermidine analogs 

Mervi T. Hyvonen', Maxim Khomutov 3 , Afina Simonian', 

Jouko Vepsalainen 2 , Leena Alhonen', Alex R. Khomutov 3 , 
and Tuomo A. Keinanen' 

'A.I. Virtanen Institute for Molecular Sciences, Biocenter 
Kuopio, Kuopio, Finland 

department of Chemistry, University of Kuopio, Kuopio, 

Finland 

3 Engelhardt Institute of Molecular Biology, Russian Academy 
of Sciences, Moscow, Russia 

The polyamines are ubiquitous multifunctional cations essential for 
cellular proliferation. Prolonged spermidine depletion diminishes post- 
translational modification (hypusination) of eukaryotic translation 
initiation factor 5A (eIF5A) protein, leading to cessation of cell 
growth. 

Here we tested novel f)-, y- and ru-MeSpd as substrates for 
recombinant spermidine/spermine-N'-acetyltransferase (SSAT), 
spermine oxidase (SMO) and acetylpolyamine oxidase (PAO). Both 
ft- and co-MeSpd were substrates for recombinant SSAT, 
whereas y-McSpd was a competitive inhibitor. y-MeSpd was not 
catabolized by PAO, but /i- and co-MeSpd were substrates in the 
presence of benzaldehyde. None of the analogs was a substrate for 
SMO. 

We also investigated the uptake, metabolism and ability of the 
analogs to function as hypusine precursor and to support cell growth 
during difluoromethylomithine (DFMO)-induced prolonged poly¬ 
amine depletion in DU145 cells. All tested analogs accumulated 
intracellularly, partly replaced natural polyamines, and supported cell 
growth for up to 6 days. Among the tested analogs, only y-MeSpd 
was not converted into corresponding spermine derivative. /J-MeSpd 
was growth supportive during 12 days of culture with DFMO. 2D- 
immunoblotting of eIF5A isoforms indicated that /i-MeSpd func¬ 
tioned as hypusine precursor. 

In conclusion, these novel spermidine analogs represent new tools 
to manipulate polyamine metabolism, providing new insights into the 
polyamine targets and regulation mechanisms. 
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Post-translational 0-GlcNAc 
modification of proteins: proteomics 
to function 

Dynamic crosstalk between GlcNAcylation 

and phosphorylation: roles in signaling and human 

disease 

Gerald W. Hart, Chad Slawson, Zihao Wang, Mike Housley, 

Win Cheung, Wagner Dias, Pui Butkinaree, Kaoru Sakabe, 
Kyoungsook Park, Shino Shimoji, Quira Zeidan, John Bullen, 
and Ron Copeland 

Department of Biological Chemistry, Johns Hopkins Medical 
School, Baltimore, MD, USA, gwhart@jhmi.edu; 

O-linked jS-A-acetylglucosamine (O-GlcNAc) serves as a nutrient/stress 
sensor to modulate metabolic processes and gene expression. O-GlcNAc 
plays a direct role in the etiology of diabetes, neurodegenerative disease, 
and cancer. Recent phospho-proteomic and glycomic studies have shown 
that the crosstalk between GlcNAcylation and phosphorylation is 
extensive at the individual site level. This dynamic interplay not only 
occurs by competition at the same or proximal sites, but also by each 
modification regulating the other’s cycling enzymes. For example, sev¬ 
eral kinases are regulated by GlcNAcylation, and phosphorylation 
regulates both O-GlcNAc Transferase and O-GlcNAcase. The elucida¬ 
tion of this extensive crosstalk between these two most abundant protein 
modifications will have a major impact on our view of signaling and 
transcriptional regulation. Examples of the importance of this dynamic 
interplay in the regulation of FOXO transcription factors, kinases, RNA 
polymerase II, and cytokinesis will be presented. 

Acknowledgments: Supported by NIH grants CA42486, DK61671, 
DK71280, and NIH contract N01-HV-28180. Dr. Hart receives a 
share of royalty received by the university on sales of the CTD 110.6 
antibody. Terms of this arrangement are managed by JHUSOM. 


Protein O-GlcNAcylation: a critical regulator 
of the cellular response to stress 

John Chatham 

Department of Medicine, University of Alabama School 
of Medicine, Birmingham, AL, USA 

Increased levels of O-linked attachment of the monosaccharide fi-N- 
acetyl-glucosamine (O-GlcNAc) on serine or threonine residues of 
nuclear and cytoplasmic proteins have typically been implicated as a 
pathogenic contributor to glucose toxicity and insulin resistance as 
well as diabetes-related cardiovascular complications. However, there 
is a growing body of data demonstrating that acute activation of O- 
GlcNAc levels is an endogenous stress response associated with 
enhanced cell survival. Reports on the effect of altered O-GlcNAc 
levels on the heart and cardiovascular system have grown rapidly over 
the past five years. Our studies have demonstrated the cardioprotec¬ 
tive effects of increased O-GlcNAcylation either by activating O- 
GlcNAc synthesis with the addition of exogenous glucosamine or 
preventing its degradation via inhibition of O-GlcNAcase. We found 
a strong correlation between increased O-GlcNAc levels during 
reperfusion with both improved contractile function and reduced 
tissue injury. Immunohistochemical analysis of non-ischemic hearts 
revealed the expected intense nuclear O-GlcNAc staining but also a 


strong striated pattern, consistent with O-GlcNAc enrichment of the 
Z-discs or Z-bands. The Z-disc, a structural element in striated muscle 
that contributes to transmission of force generated by myofilaments, 
also plays a critical role in mechanotransduction signaling pathways. 
Co-localization of O-GlcNAc with two Z-disc proteins, desmin and 
vinculin was used to confirm enrichment of O-GlcNAc at the Z-disc. 
Subsequent studies have shown that vinculin appears to modified by 
O-GlcNAc and that O-GlcNAc transferase, which catalyzes O-Glc- 
NAc synthesis is directly associated with both vinculin and desmin. In 
conclusion, these results support the notion that that acute increases in 
overall myocardial O-GlcNAc levels affords remarkable ischemic 
cardioprotection, which is associated with O-GlcNAcylation of key 
proteins that may contribute to the observed protection. 

Metabolism and O-GlcNAc modification: 
mechanisms and regulation 

Don McClain 1,2 , Roderick Taylor 1 ' 2 , Yudi Soesanto 1 ’ 2 , 
and Bai Luo 1,2 

'Department of Medicine and Biochemistry, University of Utah 
School of Medicine, Salt Lake City, UT, USA 
2 Research Service of the Veterans Administration 

O-linked IV-acetylglucosamine (O-GlcNAc) is a post-translational 
modification of proteins that has been shown to regulate several met¬ 
abolic pathways. Although original work in the field emphasized the 
pathway as a mediator of the deleterious effects of excess glucose, 
more recent work has demonstrated that the pathway serves an 
important role in normal glucose concentrations also. For example, 
overexpression of O-GlcNAcase in the livers of euglycemic mice 
significantly increased the activity of Akt in the insulin signal trans¬ 
duction cascade, resulting in increased phosphorylation and regulation 
of its downstream targets such as glucose-6-phosphatase. Furthermore, 
recent work has also indicated that the pathway regulates systems other 
than metabolic ones, such as angiogenesis and vascular sprouting. 
Thus, the pathway has grown from one that was originally discovered 
as a mediator of “glucose toxicity” to one that needs to be considered 
in all studies of posttranslational modification of all proteins. 

Consistent with its broad role in cellular regulation, the pathway is 
regulated in a complex fashion. At high levels of glucose flux, much 
O-GlcNAc modification is substrate limited, but we also discovered a 
significant induction of O-GlcNAc modification of a limited number 
of proteins under conditions of glucose deprivation that is mediated 
by upregulation of mRNA for nucleocytoplasmic O-linked IV-acet- 
ylglucosaminyltransferase (ncOGT). The signal for this induction 
does not appear to be general energy depletion but rather decreased 
cellular hexosamine flux. These findings suggest a novel negative 
feedback regulatory loop for OGT and O-GlcNAc regulation and 
further underline the importance to general cell function in tight 
regulation of O-GlcNAc signaling. 


Studies of O-GlcNAc processing enzymes aid 
the generation of probes for studying the role 
of O-GlcNAc 

David Vocadlo 

Department of Chemistry, Simon Fraser University, Burnaby, 

BC, Canada 

2-acetamido-2-deoxy-beta-D-glucopyranose residues O-linked (O- 
GlcNAc) to serine and threonine residues of nucleocytoplasmic 
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proteins are a common post-translational modification found in higher 
eukaryotes. Two enzymes play direct roles in regulating intracellular 
O-GlcNAc levels; a glycosyl transferase that mediates installation of 
O-GlcNAc (O-GlcNAc transferase, OGT) and a glycoside hydrolase 
(O-GlcNAcase, OGA) that acts to remove this modification from 
proteins. Here we describe our efforts to understand the biochemistry 
and biological roles of these two enzymes. Aspects of the catalytic 
mechanisms of these enzymes are discussed and how this knowledge 
has enabled generation of potent inhibitors of OGA that are highly 
selective for this enzyme over functionally related glycoside hydro¬ 
lases. We show these OGA inhibitors are effective both in cultured 
cells and in vivo and we describe some preliminary studies making 
use of these compounds. 


O-GlcNAc, a new player involved in Alzheimer’s 
disease 

Cheng-Xin Gong 

Department of Neurochemistry, New York State Institute 
for Basic Research in Developmental Disabilities, Staten Island, 

NY, USA, cxgong@mail.csi.cuny.edu 

Alzheimer’s disease (AD) is a progressive neurodegenerative disease 
and the major cause of dementia in adults. Neurofibrillary degener¬ 
ation plays a pivotal role in the pathogenesis of AD and is 
characterized by abnormal hyperphosphorylation and aggregation of 
tau protein as neurofibrillary tangles in the brain. Tau is a phospho- 
protein and is also modified by /S-/V-acetyl-glucosamine (GlcNAc), 
which is a unique type of O-glycosylation called O-GlcNAcylation. 
We found that O-GlcNAcylation regulated phosphorylation of tau 
inversely both in vitro and in vivo. In AD brain, major brain glucose 
transporters were decreased, and glucose uptake/metabolism is 
impaired. Decreased glucose metabolism resulted in decreased O- 
GlcNAcylation and consequently hyperphosphorylation of tau in the 
mouse brain. In AD brain, O-GlcNAcylation is decreased and tau 
phosphorylation is increased. The decrease in O-GlcNAcylation 
correlated negatively to hyperphosphorylation of tau in human brain. 
Abnormally hyperphosphorylated tau isolated from AD brain con¬ 
tained much less O-GlcNAc modification than the non- 
hyperphosphorylated tau. Taken together, we propose that in AD, 
impaired glucose uptake/metabolism results in decreased O-GlcNA¬ 
cylation and consequently hyperphosphorylation of tau, leading to 
neurofibrillary degeneration. Therefore, tau O-GlcNAcylation is a 
new key player linking between impaired brain glucose metabolism 
and AD. 


O-GlcNAc: friend or foe in feast or famine 

Dona C. Love, Michael M. Krause, and John A. Hanover 
NIDDK, NIH, Bethesda, MD, USA 

The cellular response to feast or famine is mediated by the con¬ 
certed action of a variety of key signaling pathways including the 
AMP-kinase, mTOR and Hexosamine-signaling pathways. These 
pathways interact with, and serve to modulate, homeostatic 
mechanisms such as the Insulin signaling, TGF-/1 and MAP-kinase 
signaling cascades. The hexosamine-signaling pathway is of par¬ 
ticular interest since it is responsive to cellular levels of amino 
acids, sugars and ATP. The enzymes of O-GlcNAc cycling are 
recruited to their sites of action by the same activation mechanism 


(PI-3 kinase) triggering Insulin and many other signaling cascades. 
Thus, the Hexosamine-signaling pathway impacts Insulin signaling 
and other pathways by directly responding to nutrient availability. 
Our genetic evidence further suggests that Hexosamine-signaling 
by O-GlcNAc serves as an epigenetic modulator of transcription, 
translation, and protein stability. The two key enzymes in this 
process, O-GlcNAc transferase and O-GlcNAcase, have emerged as 
promising drug targets. The pathways impacted by the nutrient- 
responsive hexosamine-signaling pathway modulate key physio¬ 
logical processes dysregulated in metabolic syndrome (stress, innate 
immunity, and metabolism). In fact, the O-GlcNAcase gene is a 
known diabetes susceptibility locus in Mexican Americans. A 
‘vicious cycle’ exists in such populations; children of mothers with 
diabetes show increased risk for developing the disease due to 
unknown epigenetic factors in the intrauterine environment. We 
have modeled defects in the O-GlcNAcase gene by creating an O- 
GlcNAcase knockout mouse. Our current hypothesis is that O- 
GlcNAc cycling integrates metabolic information, potentially 
leading to epigenetic reprogramming in the intrauterine 
environment. 


The Xenopus laevis 0-GlcNAcome: O-GlcNAc 
transferase is needed for the G2/M transition 

Vanessa Dehennaut 1, 2 , Jean-Frangois Bodart 2 , Yves Leroy 1 , 

Rene Cacan 1 , Jean-Claude Michalski 1 , Jean-Pierre Vilain 2 , 
and Tony Lefebvre 1 

'Unite de Glycobiologie Structurale et Fonctionnelle, CNRS- 
UMR 8576, Universite de Lille 1, Cite Scientifique, 59655 
Villeneuve d’Ascq, France 

2 Laboratoire de regulation des signaux de division, EA 4020, 
Universite de Lille 1, Cite Scientifique, 59655 Villeneuve d’Ascq, 

O-linked IV-acetylglucosaminylation (O-GlcNAcylation) is an abun¬ 
dant and essential post-translational modification confined within the 
nucleus and the cytosol. This glycosylation is highly dynamic and this 
dynamism is closely controlled by two antagonist enzymes named O- 
GlcNAc transferase (OGT) and O-GlcNAcase. O-GlcNAcylation is 
directly linked to glucose metabolism through the hexosamine bio¬ 
synthetic pathway which regulatory key-enzyme is the 
glutamine:fructose-6-phosphate amidotransferase (GFAT). Because 
of its high reversibility, O-GlcNAcylation is often compared to 
phosphorylation of which it could counteract the effect by modifying 
either the same amino-acids or adjacent amino-acids. Recent studies 
have demonstrated that O-GlcNAcylation take part in cell cycle 
regulation. Using full-grown Xenopus oocytes, that present the par¬ 
ticularity to be arrested at the prophase of the first meiotic division, 
we showed that progesterone-stimulated G2/M transition was char¬ 
acterized by an increase in O-GlcNAcylation and that OGT inhibition 
prevented oocytes to resume meiosis. OGT inhibition prevented 
germinal vesicle breakdown, and both progesterone stimulation and 
egg cytoplasm injection-activated MPF and MAPK pathways. 
Alternatively to OGT inhibition, GFAT inhibitors were used but 
failed to prevent GVBD. Such strategy appeared to be not relevant 
because assays of UDP-GlcNAc pools in matured and immature 
oocytes revealed a constant concentration of the nucleotide-sugar. 
Finally, we identified 25 Xenopus O-GlcNAcylated proteins among 
which erk2 (MAPK), actin, glycolytic enzymes and ribosomal pro¬ 
teins suggesting that O-GlcNAcylation regulates cell homeostasis at 
many levels. These studies also reinforce the crucial role for O-GIc- 
NAcylation in G2/M transition and suggest that its function is 
requested in cell cycle regulation. 
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Synaptic O-GlcNAc proteomics and function 
in normal versus Alzheimer’s disease states 

Keith Vosseller 1 , Yuliya Skorobogatko 1 , Jared A. Bryfogle, 

David J. Vocadlo 3 , Frank L. Laferla, and Melanie K. Tallent 2 

'Department of Biochemistry and Molecular Biology, Drexel 
University College of Medicine, Philadelphia, PA, USA 
department of Pharmacology and Physiology, Drexel University 
College of Medicine, Philadelphia, PA, USA 
3 Simon Fraser University, Department of Chemistry, Burnaby, 

BC, Canada 

We recently reported proteomic identification of site-specific 
O-GlcNAc modifications at neuronal synapses, particularly on pro¬ 
teins that regulate distribution of synaptic vesicle pools. We examined 
potential roles for O-GlcNAc in mouse hippocampal synaptic trans¬ 
mission and plasticity through in vivo pharmacological modulation of 
O-GlcNAc and analysis of biochemical signaling, electrophysiology, 
and behavioral leaming/memory. Hippocampal O-GlcNAc levels 
increased rapidly in response to neuronal depolarization and whole 
animal spatial learning. Pharmacological elevation or reduction of 
O-GlcNAc levels had no effect on Schaffer collateral CA1 basal 
hippocampal synaptic transmission. However, in vivo elevation of 
O-GlcNAc levels enhanced long term potentiation (LTP), an elec- 
trophysiological correlate to some forms of leaming/memory. 
Reciprocally, pharmacological reduction of O-GlcNAc levels blocked 
LTP. Elevation of O-GlcNAc levels led to increased phosphorylation 
of Synapsin I/II and activation of Erk 1/2, events previously linked to 
establishment of LTP. Reduced O-GlcNAc has been associated with 
Alzheimer’s disease. In the Alzheimer’s mouse model 3XTg-AD, we 
observed reduced O-GlcNAc on specific synaptic proteins, including 
synapsin I. Pharmacological elevation of O-GlcNAc in 9 months 
3XTg-AD mice normalized defects in cognitive hippocampal 
dependent spatial learning, and this was accompanied by modulation 
of several LTP linked phosphoryaltion events. Thus, O-GlcNAc is a 
novel regulatory signaling component of neuronal synapses, with 
specific roles in plasticity that involve interplay with phosphorylation, 
and may represent a novel therapeutic target for improvement of 
synaptic deficits and memory in Alzheimer’s disease. 


Proteasomal proteomics 

Proteasomes: cellular nanomachines for processing 
and breakdown of proteins 

Burkhardt Dahlmann 

Institute of Biochemistry, Charite Universitatsklinikum Berlin, 
Monbijoustr. 2, 10117 Berlin, Germany 

Proteasomes are the major enzymes responsible for catalysing the 
degradation of intracellular proteins. The 20S proteasome is a 
10 x 15 nm cylinder-shaped particle built up by 4 stacked seven 
membered rings consisting of alpha- and beta-subunits with a stoi¬ 
chiometry oc7/J7/T7a7. It contains a central inner chamber, where three 
^-subunits (jSl, /?2, /J5) contain the active sites for peptide bond 
hydrolysis. Associated to one or both ot-rings of the 20S proteasome 
are multisubunit 19S regulatory particles that are able to bind proteins 
marked as proteasome substrates by prior conjugation with poly- 
ubiquitin chains, and initiate unfolding, deubiquitination and trans¬ 
location of the substrates into the proteolytic chamber of the 20S 
proteasome. Under conditions of intensified immune response, 


eukaryotic cells adapt their proteasomes by replacing the standard 
catalytic /(-subunits by immuno catalytic /1-subunits (i/ll, i/12, i/15). 
Additionally a proteasome activator complex, PA28, can be generated 
and associated to one or both a-rings. Both of these adaptations 
change the protein-breakdown process for optimized generation of 
antigenic epitopes that are presented by MHC class I complexes. 
Partial replacement of standard /?-subunits by immuno /1-subunits 
leads to formation of intermediate-type 20S proteasomes. Hybrid 
proteasomes (19S regulator—20S proteasome—PA28) may have 
special functions within the numerous functions proteasomes have 
been found to be responsible for in eukaryotic cells, e.g. regulation of 
cell proliferation and cell differentiation, immune- and stress- 
response, metabolic regulation ad many others. 


Proteomic analysis of co- and post-translational 
modifications in the yeast 26S proteasome 

Hisashi Hirano, Julia Kikuchi, Yuko Iwafune, Tomoko Akiyama, 
Akiko Okayama, Hiroki Nakamura, and Noriaki Arakawa 

Graduate School of Bio and Nano System Sciences, Yokohama 
City University, Yokohama, Japan 

Identification and functional analysis of co- and post-translational 
modifications is crucial for a better understanding of functions of 
proteins and protein complexes. We purified the yeast 26S protea¬ 
some, consisting of two 19S regulatory particle (19S RP) (2 x 18 
subunits) and 20S proteasome (28 subunits) and detected almost 
comprehensively its co- and post-translational modifications by 
mainly mass spectrometry such as MALDI-TOF/TOF MS and ESI-Q/ 
TOF MS. A total of 84 subunits with co- or post-translational mod¬ 
ifications, including A-acetylation, /V-myristoylation, phosphoryation 
and a single O-linked /V-acetylglucosamine (O-GlcNAc) modification, 
were identified in the 26S proteasome. A total of 22 and 18 JV-acet- 
ylated subunits were detected in 19S RP and the 20S proteasome, 
respectively. By using /V-acetyltransferase deletion mutants, we found 
that the chymotryptic activity and accumulation level of the 20S 
proteasome from the Y-acetyltransferase deletion mutant were sig¬ 
nificantly higher than in those from the normal strain. On the other 
hand, we detected 18 phosphorylated subunits of the 26S proteasome 
and identified a total of 40 Ser/Thr phosphorylation sites using mainly 
immunobilized metal affinity chromatography, followed by MS/MS 
analysis. Dephosphorylation treatment of the 19S RP with phospha¬ 
tase resulted in a decrease in ATPase activity of 19S RP and 
chymotryptic activity of the 20S proteasome. Furthermore, we iden¬ 
tified modifications with a single O-GlcNAc on 10 and 12 subunits in 
19S RP and the 20S proteasome, respectively using deglycosylation 
and Western blot analysis. Several O-GlcNAc-modified subunits were 
phosphorylated, suggesting that O-GlcNAc might regulate phos¬ 
phorylation by competition for binding to phosphorylation sites. 

Efficient workflows for the validation 
and quantitation of protein and peptide 
biomarker candidates 

Volker Kruft 

Applied Biosystems, Darmstadt, Germany 

A large number of laboratories around the world are identifying 
protein and peptide biomarker candidates with proteomics approa¬ 
ches. However, very few of these candidates have been validated. The 
main reason is the unsuccessful transition from the discovery phase 
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(non-targeted proteomics) to the validation phase (targeted proteo- 
mics). Candidates in the validation phase need to be quantitated 
reliably in a large number of samples with sufficient speed, repro¬ 
ducibility and sensitivity. Most approaches cannot achieve this in 
matrices as complex as serum or plasma. 

The use of mTRAQ™ reagents in combination with a global 
standard or quantitation with isotopically coded proteotypic peptides 
utilizing MRM’s offers the speed, sensitivity and specificity necessary 
for validation of the biomarker candidates in complex matrices. 
Several examples of published and ongoing studies will be presented. 

Protein species: the big challenge for the next 
centuries 

Hartmut Schliiter 1 and Peter Jungblut 2 

'institute of Clinical Chemistry, Mass Spectrometric Proteomtics, 
University Medicine Hamburg-Eppendorf, Hamburg, Germany, 
hschluet@uke.de 

2 Max Planck Institute for Infection Biology, Core Facility Protein 
Analysis, Berlin, Germany, jungblut@mpiib-berlin.mpg.de 

The term protein species describes protein variants, which are coded 
by one single gene, but vary in their exact chemical composition. 
The term protein species covers splicing variants, truncated proteins 
and posttranslational modified proteins. The importance of the 
knowledge of the exact chemical composition of a protein species is 
given by the relationship between its function and its composition. 
Since several centuries it is known that phosphorylation is a switch 
turning on or off the activity of enzymes. Truncations can activate 
receptors, proteases or peptide hormones. In contrast to this 
knowledge the relationship of the exact chemical composition of a 
protein and its function is not yet fully taken into account in many 
investigations of proteins. In many of the past proteomics approa¬ 
ches protein identification relies on sequence coverage significantly 
below 100% and posttranslational modifications are paid no atten¬ 
tion to. A second obstacle concerning the description of protein 
species derives from the absence of a nomenclature, which fully 
describes its exact chemical composition. An internationally 
accepted and applied unique nomenclature for proteins is still 
missing. Most important in the context of protein species is that 
none of these synonyms have a relationship towards defined protein 
species. In summary the total analysis of the chemical composition 
of a protein species is already a big challenge, however it is even 
more challenging to develop strategies for the validation of the 
correctness of the function—exact chemical composition relation¬ 
ship. Furthermore a unique nomenclature for the description of 
protein species is urgently needed. 

Catalytic subunit LMP2 of stress-induced 
immunoproteasomes is crucial in the pathogenesis 
of enterovirus myocarditis 

Antje Voigt, Elisa Opitz, Kosta Savvatis, Karin Klingel, 

Karl Stangl, and Peter-M. Kloetzel 

Charite Berlin, Berlin, Germany 

Murine models of coxsackievirus B3 (CVB3)-induced myocarditis 
mimic the divergent human disease course of cardiotropic viral 
infection. Immunoproteasomes (IP) are crucial in the modulation of 
adaptive immune responses, in the maintenance of protein homeo¬ 
stasis and in the preservation of cell viability under stress conditions. 


Our previous work has established that IP expression in the infected 
myocardium is linked to a strong enhancement of viral epitope 
generation. 

We investigated the impact of IP function in enterovirus myo¬ 
carditis. Mice, which are deficient in immunosubunit LMP2 of the 
stress-induced IP, were infected with 1 x 10e 5 PFU CVB3 Nancy 
strain. In concurrence to wt littermates, we observed a pronounced 
up-regulation of cardiac IP subunit LMP7 as early as day 4 p.i. in 
LMP2-deficient mice. However, LMP2-deficiency was linked to less 
severe myocarditis at day 8 p.i. (HE stain of cardiac tissue sections: 
wt 1.95 ± 0.20 versus LMP2-deficiency 0.71 ± 0.06 (grade of 
myocarditis; scale 0-4; P < 0.001). Whereas the cardiac output (CO) 
was reduced in wt littermates in enterovirus-myocarditis (P < 0.05), 
there was no difference in LMP2-deficient mice in comparison to 
sham-treated mice. Maximal left ventricular pressure and dPdt max 
were impaired in acute myocarditis in wt littermates. In contrast, 
systolic function was not affected by CVB3 infection in LMP2-defi- 
cient mice. Likewise, diastolic function was preserved in LMP2- 
deficient mice upon enterovirus infection. Our findings of less severe 
myocarditis in LMP2-deficient mice were associated with reduced 
viral load in the myocardium of this strain. In wildtype mice, myo¬ 
cardial LMP2-expression is up-regulated at stages of acute 
myocarditis. Immunoblot analysis revealed enhanced LMP7-incor- 
poration in both wildtype littermates and LMP2-deficient mice: 
LMP7 was detected at similar levels in both strains. 

In conclusion, this study suggests an impact of LMP2-immuno- 
subunit function in regulatory processes of viral replication. LMP2- 
deficiency is associated with less severe myocarditis upon CVB3 
infection. 

Protective role of calcium 
and glutamate receptors 

Effects of Ca 2+ -permeable AMPA receptors 
by genetically impaired RNA editing in the mouse 

Peter Seeburg 

Max Planck Institute for Medical Research, Heidelberg, Germany 

Genetic studies illustrate that elevated Ca 2+ in the central nervous 
system does not always lead to neurotoxicity. In fact, Ca 2+ can protect 
neurons from dying depending on the age of the animal, route of ele¬ 
vation, timing of insults, and brain regions involved. For example, 
genetic manipulation of the Q/R site-edited gene of the GluR-B 
(GluA2) subunit of AMPA receptors in the embryo leads to spontaneous 
seizures and premature death. However, in the adult brain, no neuro- 
pathological symptoms develop when GluA2(Q) expression is 
restricted to postnatal hippocampal neurons. Moreover, the ablation of 
GluA2 alleles results in the Ca 2+ permeability of all remaining AMPA 
receptors in the CNS. At the same time, the lack of GluA2 negatively 
affects the synaptic AMPA receptor levels, and thus, excitatory trans¬ 
mission strength decreases and the Ca 2+ influx via the remaining AMPA 
receptors does not generate cell death. Mice lacking GluA2 in forebrain 
are impaired in spatial learning in absence of signs of neurotoxicity. 
Similarly, a mutation of the NR1/NR2A subtype of NMDA receptors 
causing Ca 2+ influx at the neurons’ resting potential due to failure of the 
voltage-dependent Mg 2+ block leads to memory deficits but no cell 
death in hippocampus or forebrain structures. However, spinal cord 
motoneurons may be particularly sensitive to sustained Ca 2+ influx by 
AMPA receptors, especially as a consequence of suboptimal Q/R site 
editing. 
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Protective effects of early-life seizures in vivo 
and early exposure of excitatory amino acids in vitro 

L. K. Friedman 

New York College of Osteopathic Medicine/New York Institute 
of Technology, Old Westbury, NY, USA 

Although abnormal rises in intracellular calcium [Ca 2+ ], can kill 
neurons Ca 2+ can also prevent neurons from dying. For example, 
postnatal (P) day P20 rats are sensitive to CA1 injury following a 
single injection of kainic acid (KA) (lxKA) but resistant to injury 
when animals have a history of seizures on P6 and P9 (3xKA). In 
vivo and in vitro approaches were taken to get a better under¬ 
standing of this type of neuroprotection. In vivo experiments 
showed partial sparing of dendritic spines and branching on CA1 
pyramidal neurons after 3xKA compared with lxKA using Golgi 
Technique. Microarrays of the CA1 subregion and immunohisto- 
chemistry in culture showed distinct calcium-binding protein 
families (annexin 3) and anti-apoptotic Bcl-2 gene members were 
increased after 3xKA or two exposures to NMDA (parvalbumin). 
Ca 2+ imaging studies showed that NMDA responses were enhanced 
at 5 h after lxKA but attenuated after 3xKA. Decreases in Ca 2+ 
permeability coincided with early reductions in NR1 subunit protein 
expression in CA1 neurons compared to loss of GluR2 subunits 
previously reported in adults. In vitro studies where we developed a 
“two hit” model in hippocampal cultures showed pretreatment with 
high doses of glutamate or NMDA at young ages (5 DIV) followed 
by a brief exposure to a second high dose 9 days later also spared a 
significant population of neurons compared to one exposure at 14 
DIV. In vivo and in vitro data suggest that early-life exposure to 
glutamate or other excitatory amino acids, even at high doses, may 
protect against subsequent insults. 

Neuroprotective effects of moderate increases 
in intracellular calcium 

Philip E. Bidder and John P. Clark 

Department of Anesthesia, University of California at San 
Francisco, San Francisco, CA, USA 

Large increases in intracellular Ca 2+ ([Ca 2+ ],)in neurons during 
hypoxic/ischemic stress causes cell death. However, new evidence 
shows that smaller increases in [Ca 2+ ], initiate survival responses. 
Evidence includes the neuroprotective effects of small concentra¬ 
tions of Ca 2+ ionophores (increasing [Ca 2+ ]j by ca. 50 nM), 
demonstration that anoxia tolerant neurons (neonatal mammals, 
turtles, frogs, hibemators) require moderate increases in [Ca 2+ ],- for 
surviving prolonged anoxia, and demonstration that the neuropro¬ 
tective effects of anesthetics require increases in [Ca 2+ ],. Further, in 
organotypic cultures of rat hippocampus, hypoxic preconditioning 
requires IP 3 receptor-dependent Ca 2+ release from the ER via 
increased cytosolic NAD(P)H. Ca 2+ chelation with intracellular 
BAPTA, ER Ca 2+ store depletion with thapsigargin, IP 3 receptor 
block with xestospongin, and IP 3 receptor RNA interference all 
blunt the moderate increases in [Ca -+ ], required for preconditioning. 
Increases in [Ca 2+ ], during preconditioning and neuroprotection are 
not prevented by NMDA antagonists or by removing Ca 2+ from the 
bathing medium. Demonstration that NADH manipulation increases 
[Ca 2+ ],- in an IP 3 R-dependent manner reveals a primary role of 
cellular redox state in liberation of Ca 2+ from the ER. Blockade of 


IP 3 Rs and intracellular Ca 2+ chelation prevent phosphorylation of 
known HPC signaling targets, including MAPK p42/44 (ERK), 
protein kinase B (Akt) and CREB. Therefore, the endoplasmic 
reticulum, acting via redox/NADH-dependent intracellular Ca 2+ 
store release, is an important mediator of the neuroprotective 
response to hypoxic stress. Small increases in [Ca 2+ ], may be a 
general signal that produces adaptive/pro-survival responses to stress 
in neurons and probably other cells. 


Neurodegeneration induced by blockade of activity: 
role of glutamate receptors 

Eldi Schonfeld, Ianai Fishbein, and Menahem Segal 
The Weizmann Institute, Rehovot, Israel 

Spontaneous neuronal network activity is an essential attribute of 
the developing nervous system. Such activity is also found in pri¬ 
mary neuronal cultures, which we use to investigate the possible 
effects of manipulation of network activity on neuronal survival. 
Chronically silenced (using TTX) cultured cortical neurons undergo 
a process of progressive cell death over a period of up to two 
weeks. Paradoxically, blockade of glutamate receptors in the TTX 
silenced neurons protected them from death. In a search for the 
mechanisms underlying this slow cell death, we found that the 
neurons initially reduce expression of GluR2, and the altered bal¬ 
ance between GluRl and GluR2 is likely to result in a rise of 
intracellular calcium concentration in response to spontaneous 
synaptic activity that is still present in the network-silenced neu¬ 
rons. Indeed, we found that the TTX treated cells have a higher 
ambient intracellular calcium concentration than controls. We fur¬ 
ther explored the mechanisms underlying this neuronal death and 
found that calpain, a calcium dependent protease, is activated in the 
TTX treated neurons. Indeed, an endogenous blocker of calpain, 
calpastatin, significantly attenuated TTX-induced dendritic degen¬ 
eration and eventual neuronal death. We propose that neurons are 
unable to cope with otherwise nontoxic influxes of calcium ions 
associated with spontaneous synaptic currents when they are devoid 
of GluR2 receptors. These results concur with the hypothesis 
regarding the involvement of GluR2 receptors in neuroprotection 
and its absence in triggering the apoptotic process induced by 
blockade of spontaneous activity. 


Protein interactions in the virus-host relationship 
Molecular mechanisms of flavivirus membrane 
fusion 

Karin Stiasny, Richard Fritz, Karen Pangerl, and Franz X. Heinz 

Clinical Institute of Virology, Medical University of Vienna, 

Vienna, Austria 

Flaviviruses are small enveloped viruses that enter cells by receptor- 
mediated endocytosis and release their nucleocapsid into the cyto¬ 
plasm by fusing their membrane with the endosomal membrane. The 
fusion event is triggered by the acidic pH in the endosome and is 
mediated by the major envelope protein E. Based on the atomic 
structures of the pre- and post-fusion conformations of E, a fusion 
model has been proposed that includes several steps leading from the 
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metastable assembly of E at the virion surface to membrane merger 
and fusion pore formation. Using tick-borne encephalitis virus as a 
model, we have defined individual steps of the molecular processes 
underlying the flavivirus fusion mechanisms. This includes the 
identification of a conserved histidine as the pH sensor in the fusion 
protein that responds to the acidic pH in endosomes and thus initiates 
the structural transitions driving fusion. 


Peptides derived from HIV-1 protease inhibit 
Vif activity 

Ezequiel Wexselblatt 2 , Elena Britan-Rosich 1 , Marina Hutoran 1 , 

Roni Nowarski 1 , Jehoshua Katzhendler 2 , and Moshe Kotler 1 

'Department of Pathology, The Hebrew University-Hadassah 
Medical School, Jerusalem, Israel 

department of Medicinal Chemistry and Natural Products, 

School of Pharmacy, Faculty of Medicine, The Hebrew 
University of Jerusalem, Jerusalem, Israel 

Vif (virion infectivity factor) is essential for the human immunode¬ 
ficiency virus type 1 (HIV-1) propagation in the natural target cells. 
These cells express a cellular cytidine deaminase APOBEC3G (A3G), 
which inhibits the production of infectious HIV-1. Vif mediates A3G 
degradation by the proteasome. Thus, Vif is an attractive target for 
developing anti-HIV-1 drugs. 

We have reported that PR 1-9 peptide derived from the N-terminus of 
HIV-1 protease inhibits Vif function in restrictive cells. In this work 
we found that PR2-5 is a minimal peptide, which inhibits the pro¬ 
duction of infectious HIV-1 in restrictive cells. The amino acid 
residues at positions 2(Q), 4(1) and 5(L) are essential for PR1-9 
inhibitory effect, and substitutions of 2(Q) for (N) and 5(L) for (V) 
improve the efficacy of the peptides as HIV-1 inhibitors. Moreover, 
the introduction of positively charged residues, either at the N-ter¬ 
minus [3 K or (Me) 2 N-R-] or at the C-terminus (3 K) of the peptide, 
showed a significant improvement in the peptide’s activity. A very 
high level of inhibition was also observed when two segments of PR1- 
5 were linked through a spacer. 

PR2-5 serves as a leading compound for developing a new class of 
HIV-1 inhibitors. 

Caught in the act: optical tools for the visualization 
of proteins and replicating viral genomes in single 
living cells in real time 

Alessandro Marcello 

Laboratory of Molecular Virology, The International Centre 
for Genetic Engineering and Biotechnology, Trieste, Italy 

Optical tools that allow dynamic measures in living cells are 
increasingly being exploited to gain information on specific viral 
processes. These methods range from fluorescence recovery after 
photobleaching, to study protein mobility and diffusion kinetics, to 
fluorescence resonance energy transfer (FRET) to study protein 
interactions. 

Viral RNA biogenesis is a crucial step in the replication of RNA 
viruses and retroviruses that require both the production of genomic 
RNAs and of translation templates. Cellular and viral factors concur 
in the biogenesis of RNA at the specific sub-cellular site where the 


reaction takes place. The possibility of tracking viral RNA in living 
cells gives the unique possibility of measuring the kinetic parameters 
of RNA biogenesis as well as defining the dynamic recruitment of 
host and viral factors to the site of replication. 

By engineering a RNA-tagged human immunodeficiency (HIV-1) 
retrovirus we could characterize the HIV-1 transcription cycle 
allowing precise kinetic measurements of RNA polymerase elon¬ 
gation rates as well as initiation, splicing and termination steps 
(Boireau, et al. JCB 2007). In addition we also analyzed the 
dynamic of the TAR:Tat:pTEFb complex at the site of HIV-1 
transcription in living cells (Molle et al. in Retrovirology, 2007). 
Our data suggest that this complex dissociates from the polymerase 
following transcription initiation, and may undergo subsequent 
cycles of association/dissociation. 

We extended this approach to the tick-borne encephalitis virus 
(TBEV). Flaviviruses are positive RNA viruses that assemble the 
replication complex in the cytoplasm of the infected cells (Miorin 
et al. 2008). The modified TBEV replicons were competent for RNA 
replication and allowed the visualization of replicated genomic RNA 
that accumulated in cytoplasmic structures with a distinct sub-cellular 
localization. This work provides for the first time a kinetic framework 
to analyze viral RNA biogenesis and RNA/protein dynamics in living 
cells. 

This advance, coupled to the visualization of protein interactions 
by FRET would allow careful dissection of viral replication com¬ 
plexes in single cell and in real time. 


Design and synthesis of new peptidomimetic 
artificial ribonucleases with antiviral activity 

L. S. Koroleva 1 ' 2 , N. S. Svischeva 1 , L. M. Rustamova 3 , 

N. V. Gribkova 3 , and V. N. Silnikov 1 

'institute of Chemical Biology and Fundamental Medicine, 
Novosibirsk, Russia 

Novosibirsk State University, Novosibirsk, Russia 
3 Research Institute for Epidemiology and Microbiology, 

Minsk, Republic of Belarus 

The synthesis of molecules that are capable of nonrandom RNA 
cleavage has found a variety of important applications in molecular 
biology. For instance, such molecules are used as structural probes 
for nucleic acids in solution, or in rational design of novel anti- 
infective agents, since RNA is the genetic material of many path¬ 
ogenic viruses. 

Here we represent design and synthesis of peptide-like molecules 
mimicking the catalytic site of natural ribonucleases (A and Tl): 

Series 1: These dipeptides contain O-methyl or decyl ethers of 
hystidine and one of following amino acids: Lys, Tyr, Thr, Ser; 
Series 2: Tetrapeptides Glu-X-Arg-Gly-OAlkyl; 

Series 3: Tetrapeptides Glu-X-Lys-Gly-0Alkyl; X-Gly, Ala, 4- 
aminobutyric acid, 6-aminohexanoic acid, p-aminobenzoic acid; 
Series 4: These compounds are symmetric peptide-like molecules 
in which amino acids (Lys, Glu, Ser, His) are connected by linker 
group of the various nature. 

Ability of artificial RNases to RNA cleavage was shown in 
experiments with 96-mer RNA HIV-1. Anti-influenza activity and 
cytotoxicity of 15 peptidomimetics from series 1-4 was investigated. 
Some of the tested compounds exhibited significant antiviral effect 
and showed low cytotoxicity. 
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Protein phosphorylation and 
quantitation by mass spectrometry 

Integrative network analysis of cell-specific 
Eph/ephrin phospho-tyrosine signaling 

Claus Jorgensen 1 , Andrew Sherman 1 , Ginny Chen 1 , 

Adrian Pasculescu 1 , Marilyn Hsiung 1 , Rune Linding 2 , 
and Tony Pawson 1 

'Samuel Lunenfeld Research Institute, Mount Sinai Hospital, 
Toronto, ON, Canada 

2 Cellular and Molecular Logic Team, Section of Cell 
and Molecular Biology, The Institute for Cancer Research, 

London, UK 

In multicellular organisms, cell sorting is crucial in order to obtain 
and maintain tissue-structure and -boundaries. Signaling through the 
Eph receptor—ephrin global positioning system is essential for these 
processes. Both the Eph receptor and the ephrin initiate a tyrosine 
kinase dependent signal, suggesting that coordinated bidirectional 
signaling between interacting Eph and ephrin expressing cells is 
important to regulate cell-sorting. 

We have developed a novel proteomic approach, quantitative 
analysis of bidirectional signaling (qBidS) to investigate signaling 
between mixed cell lineages. Stable isotopomeric versions of Argine 
and Lysine were used to label cell lineages expressing Eph receptor or 
ephrin respectively. Mixing of these lineages initiates contact 
dependent signaling in both cells, which subsequently was analyzed 
in a lineage specific and quantitative manner. We identified 101 
tyrosine phosphorylation events common to both Eph receptor and 
ephrin expressing cells. Interestingly, 72% of the tyrosine phospho¬ 
rylations were modulated in a cell specific manner. In addition, we 
carried out a siRNA screen for signaling molecules involved in EphR- 
ephrin controlled cell sorting and identified 200 targets. Finally, we 
used integrative and data-driven network modeling which revealed 
cell specific network structure and kinase utilization. In summary, we 
have identified novel and cell specific regulatory mechanisms 
essential for cell sorting. 

Use of label-free relative quantitative mass 
spectrometry to determine kinase and ubiquitylation 
post-translational modification substrate specificity 

Karin Bamouin 1 , Alejandra Collazos 2 , Hayley Thirkettle 3 , 

Sarah Hanrahan 1 , Nicholas Michael 1 , Haley Whitaker 3 , 

Peter Parker 2 , and Nick Totty 1 

'Protein Analysis, London Research Institute, Cancer Research, 
London, UK 

2 Protein Phosphorylation Laboratories, London Research 

Institute, Cancer Research, London, UK 

department of Uro-oncology, Cambridge Research Institute, 

Cancer Research, Cambridge, UK 

In the last couple of years there has been a significant increase in the 
use of mass spectrometric based quantitation to measure global 


changes in proteomics experiments. Most researchers have relied 
upon isotope labelling methods such as stable isotope labelling of 
amino acids in cell culture (SILAC) and Isobaric tagging for relative 
and absolute quantitation (ITRAQ) as multiple test samples can be 
combined prior to mass spectrometric analysis. Although powerful, 
these methods have a limited dynamic range for quantitation on the 
peptide level, requires substantial sample processing prior to mass 
spectrometric analysis and are relatively expensive. The development 
of mass spectrometers with high resolution and mass accuracy cou¬ 
pled with HPLC that have reproducible retention times has allowed 
the use of this technology also to be applied to label-free quantitation 
based on monitoring changes in ion abundances. This technique is 
gaining in popularity as sample preparation is simple, inexpensive and 
has a higher dynamic range than isotope labelling methods. This 
method is also advantageous in that it is possible to perform pre¬ 
liminary quantitation analyses on mass spectrometric data that have 
been previously acquired without quantitation in mind. We have 
applied label-free quantitative mass spectrometry using our Agilent 
6510 QTOF to analyse dynamic changes in post-translational modi¬ 
fication from both in vitro and in vivo experiments on the protein and 
peptide level. Here we show examples of how label-free quantitation 
can be used to determine kinase and ubiquitylation specificity on 
PAK4 (p21 protein (Cdc42/Rac)-activated kinase 4) and Lyric (me- 
tadherin), respectively. 


Characterisation and quantitation of neuronal 
membrane rafts after kinase inhibition and toxic 
insults in Alzheimer’s disease 

Andrew J. Thompson 

MRC Centre for Neurodegeneration Research, Institute 
of Psychiatry, King’s College London, London, UK 

Membrane rafts are cholesterol and sphingolipid-rich membrane 
microdomains that have critical roles in diverse cellular functions. 
Recently, the direct involvement of neuronal membrane rafts has 
been implicated in several neurodegenerative disorders. As part of 
our efforts to investigate the involvement of membrane rafts in 
Alzheimer’s disease (AD), the preparation of membrane rafts from 
neuronal cells using a panel of detergents was evaluated. Prepa¬ 
rations using the detergent CHAPSO were found to isolate 
cholesterol-rich low density rafts most effectively. Moreover, pro¬ 
teomic profiling and semi-quantitative analysis of the CHAPSO 
preparation revealed a far richer protein population with a higher 
recovery of membrane and lipid-anchored proteins compared to the 
traditionally used Triton-XlOO preparation. Distinct categories of 
proteins were also enriched in the CHAPSO preparation including 
channels and receptors, synaptic proteins, and rab signalling pro¬ 
teins. Importantly for neuronal analyses, AMPA and GABA 
receptors known to cluster in rafts and several proteins implicated 
in neurological disorders were also clearly enriched by CHAPSO 
but not by Triton-XlOO. 

In relation to AD, neuronal membrane raft proteins sensitive to 
cellular treatment with the pathogenic AD peptide A/J, or the 
inhibition of the kinase GSK3 implicated in both tau and A/J 
pathology, were quantified by a hybrid proteomic approach using 
iTRAQ tags. This method was six times more sensitive than a 
traditional in-solution digestion approach more typically used for 
iTRAQ experiments, and enabled the quantitation of three times 
more proteins. Quantitation of the raft proteins revealed some clear 
changes after A/J treatment but more subtle alterations upon GSK3 
kinase inhibition. 
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Analysis of in vivo histone methylation kinetics 
by Heavy Methyl SILAC 

Tiziana Bonaldi 1 , Elena Vitale 1 , Michael L. Nielsen 2 Jurgen Cox 2 , 
and Matthias Mann 2 

'Department of Experimental Oncology, European 
Institute of Oncology, Milano, Italy 
department of Proteomics and Signal Transduction, 
Max-Planck-Institute of Biochemistry, Martinsried, Germany 

Histone methylation has been long considered an epigenetic mark 
which mediates the inheritance of chromatin functional states, basing 
on the assumption of its irreversibility. The discovery of de-methylase 
activities revolutionized this generally accepted concept proposing 
the reversibility of methylation at histones. As such, an approach for 
the determination of in vivo histone methylation is of tremendous 
biological importance, though extremely challenging. 

We describe a novel proteomics approach which accomplishes this 
daunting task by a combination of heavy methyl SILAC (hmSILAC) 
labeling and unbiased identification of modifications based MaxQuant 
software. HmSILAC is variation of SILAC, where methylation is 
labeled instead of proteins, which already proved big potential to 
detect and quantify methylations in vivo. We performed time course 
experiments in HeLaS3 cell lines and in murine embryonic fibroblast 
(MEFs) derived from mice double null for different methyltransfer- 
ases, such as Su(var)4-20and/or Su(var)3-9. 

Methylation kinetics where simultaneously determined for several 
methylation sites involved in both activation (H3K4, H3K36, 
H3K79), as well as repression (H3K9, H3K27, H4K20) of tran¬ 
scription: mono-methylation had the fastest heavy methylation 
incorporation, with no significant differences among sites. Instead, 
higher-methylation states (di-, trl-) showed a distinction between 
sites/marks functionally linked to either gene activation or gene 
repression, with “active” sites having significant faster turnover. 
Studies on Su(var)4-20 knock-out showed the expected change in 
methylation pattern (reduction in H4K20me2 and H4K20me3, 
increase in H4K20me), together with a reduction in the kinetics of the 
reaction ‘H4K20 to H4K20me’. Parallel results for Su(var)3-9 mutant 
will be described. 

Thus, the novel combined proteomics approach presented can 
provide a tool to measure histone methylation kinetics in vivo, with a 
major impact upon epigenetic research. 

Regulation of AMP A/kainate 
receptors 

AMPA receptor aptamers 

LiNiu 

'Chemistry Department, University at Albanyand, 

Albany, 

NY, USA 

2 Center for Neuroscience Research, 

State University of New York (SUNY), Albany, NY, USA 

The a-amino-3-hydroxy-5-methyl-4-isoxazole propionic acid (AMPA) 
subtype of glutamate ion channel receptors plays an important role in 
the mammalian brain functions such as memory and learning, whereas 
excessive receptor activity has been implicated in some neurological 
disorders and diseases such as stroke, epilepsy, and amyotrophic lateral 


sclerosis. Inhibitors against AMPA glutamate receptors are therefore 
drug candidates for potential treatment of these neurological diseases. 
Using systematic evolution of ligands by exponential enrichment 
(SELEX), we have successfully identified three different classes of 
RNA inhibitors or RNA aptamers with nanomolar affinity against the 
GluR2Qflip receptor, a key AMPA receptor subunit that controls the 
calcium permeability and mediates excitotoxicity. One class is a group 
of competitive aptamers, which we selected by using NBQX, a classic 
competitive inhibitor. The highest potency or IC50 value for one of the 
aptamers in this class reached 30 nM, rivaling any exiting AMPA 
receptor inhibitors. We have also identified two other classes of apta¬ 
mers that are selective to different conformations of GluR2Qflip: one 
class uniquely inhibits the open-channel conformation whereas the 
other inhibits the closed-channel conformation. Therefore, our results 
suggest that developing water-soluble, nanomolar affinity aptamers 
that are selective to an AMPA receptor subunit and even to a unique 
conformation of that subunit is possible. Furthermore, these aptamers 
are alternative templates for design of better inhibitors and better drug 
candidates against AMPA receptors. 

Regulation of cellular biosynthetic 
events 

Akt and S6 Kinases in growth and nutrient 
homeostasis 

Catherine Espeillac, Celine Chauvin, Ganna Panasyuk, 

Ivan Nemazanyy, Caroline Treins, Mila Roceri, and Mario Pende 

INSERM, U845, Universite Paris Descartes, Paris, France 

Mammalian target of rapamycin (mTOR) plays an evolutionary con¬ 
served role in the control of organismal growth depending on nutrient 
availability. In the last few years our laboratory has investigated the 
functions of the mTOR substrates, Akt and S6 kinases. I will present 
evidence that Akt2 and S6K1 have complementary roles in the control 
of insulin action and insulin production. The combined deletion of both 
genes in mice recapitulates features of type 2 diabetes and alters the 
response to high fat diet. Next I will address the contribution of Akt and 
S6 kinases on cell cycle progression and tumorigenesis in two models of 
liver growth: (1) liver regeneration after partial hepatectomy; (2) 
hepatic adeno-carcinoma formation due to deletion of the tumour 
suppressor PTEN. Our results indicate striking functional specificity of 
these kinases in tissue growth and metabolism. 

A novel mechanism by which amino acids regulate 
the protein synthesis machinery 

Xuemin Wang 1,2 and Christopher G. Proud 1 ' 2 

'Department of Biochemistry and Molecular Biology, 

University of British Columbia, Vancouver, BC, Canada 
2 School of Biological Sciences, University of Southampton, 
Southampton, UK 

Eukaryotic initiation factor 2B (eIF2B) is a heteropentameric 
guanine nucleotide exchange factor whose function is to regenerate 
active eIF2.GTP between successive cycles of translation initiation. 
eIF2 recruits the initiator methionyl-tRNA to the ribosome, and is 
therefore needed for the initiation of translation of every cytoplas¬ 
mic mRNA. 
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eIF2B thus plays a key role in controlling the initiation of mRNA 
translation. Depriving human cells of amino acids rapidly results in 
the inhibition of eIF2B activity, independently of changes in the 
phosphorylation of its substrate. Although starving cells of amino 
acids also inhibits signaling through the mammalian target of rapa- 
mycin complex 1 (mTORCl), we show that control of eIF2B activity 
by amino acid starvation is independent of mTORCl. 

Instead, amino acids repress the phosphorylation of a previously 
unknown site in eIF2Bepsilon. We identify this site as Ser525, which is 
situated next to the known phosphoregulatory region in eIF2Bs. 
Mutating Ser525 to Ala abolishes the effects of amino acid starvation on 
eIF2B activity and protein synthesis. Thus, the phosphorylation of this 
site is crucial for the regulation of eIF2B by amino acids. 

These findings reveal a novel pathway in which amino acids 
regulate translation initiation, which is distinct from other known 
amino acid-sensitive signaling mechanisms. 


How do amino adds regulate mTORCl signaling? 

Xuemin Wang 1,2 , Bruno Fonseca 1 ' 2 , Hua Tang 1,2 , Rui Liu 1,2 , 
Androulla Elia 1,2 , Michael Clemens 1,2 , Ulrich-Axel Bommer 1,2 , 
and Christopher Proud 1,2 

'Department of Biochemistry and Molecular Biology, University 
of British Columbia, Vancouver, BC, Canada 
2 School of Biological Sciences, University of Southampton, 
Southampton, UK 

Signaling through mammalian target of rapamycin complex 1 
(mTORCl) is stimulated hy amino acids and insulin. However, it is 
not clear how amino acids regulate mTORCl. It has heen proposed 
that FKBP38 (immunophilin FK506-binding protein, 38 kDa) 
inhibits mTORCl function and that this relieved by its binding to 
Rheb.GTP, a key activator of mTORCl signaling. However, we 
were unable to observe any regulation of FKBP38/mTOR binding 
by amino acids or insulin. Furthermore, FKBP38 did not inhibit 
mTORCl signaling. 

The Drosophila translationally-controlled tumor protein (TCTP) 
was reported to act as the guanine nucleotide-exchange factor for 
Rheb. Depleting TCTP levels did not reproducibly affect mTORCl 
signaling in amino acid-replete/insulin-stimulated cells. Over¬ 
expressing TCTP did not rescue mTORCl signaling in amino acid- 
starved cells. These data also indicate that, in the cell-types tested 
here, neither TCTP nor FKBP38 regulates mTORCl signaling. 

Accumulation of uncharged tRNA has been proposed to lead to 
inhibition of mTORCl signaling during amino acid starvation. To test 
this, we used a Chinese hamster ovary cell line containing a tempera¬ 
ture-sensitive mutation in leucyl-tRNA synthetase. Leucine deprivation 
markedly inhibited mTORCl signaling in these cells, but shifting the 
cells to the nonpermissive temperature did not. These data indicate that 
uncharged tRNA(Leu) does not impair mTORCl signaling. 


Regulation of cellular functions via the mTOR/S6K 
pathway 

I. Gout 

University College London, Gower St., London, UK 

The mTOR (mammalian target of rapamycin) is central regulator of 
an evolutionary conserved signalling pathway which controls cellular 
metabolism, growth and proliferation. Deregulation of mTOR-coor- 
dinated signalling has been associated with various human 


pathologies, including diabetes, inflammation and cancer. Rapamycin, 
a naturally occurring mTOR inhibitor, and its homologues have been 
currently tested as anti-cancer drugs in numerous clinical trials. In 
contrast to yeast which have two TOR genes (TORI and TOR2), there 
is only one gene encoding mammalian TOR. The diversity of TOR- 
mediated signalling in mammals is compensated hy the existence of 
two multienzyme complexes, mTORCl and mTORC2, whose regu¬ 
latory components and downstream effects mirror in part signalling 
mediated in yeast by TORI and TOR2 pathways. The mechanisms by 
which mTOR sensors and controls energy metabolism and cell growth 
are relatively well understood, while molecular events defining 
mTOR-mediated proliferation remain to be elucidated. 

We have recently identified a novel mTOR splicing isoform, TOR/?, 
which in contrast to the full length protein (mTORa), has the potential to 
regulate the G1 phase of the cell cycle and to stimulate cell proliferation. 
mTOR/? is an active protein kinase which mediates downstream sig¬ 
nalling through complexing with Rictor and Raptor proteins. 
Furthermore, overexpression of mTOR/? transforms immortal cells and 
is tumorigenic in nude mice and therefore is a proto-oncogene. These 
findings define molecular events responsible for mediating mTOR- 
driven proliferation and oncogenic transformation. 


Signalling by amino acid nutrients: 
mTOR and beyond 

V. Mieulet, L. Yan, and R.F. Lamb 

Institute of Cancer Research, 237 Fulham Road, London, UK 

The mTORCl pathway is regulated by growth factors, hormones and 
nutrients such as glucose and amino acids. I will discuss: (1) how amino 
acids regulate the activity of an mTORCl activator, MAP4K3, and (2) 
how amino acids signal to another signalling pathway-MEK-ERK. 

Amino acids promote regulatory T-loop phosphorylation 
MAP4K3, at a site required for kinase activity and activation of 
mTORCl. This site is acutely regulated by amino acids via a PP2A 
phosphatase. 

Innate immune responses to microorgansims are also highly 
influenced by host nutrient status, although the mechanisms involved 
are unknown. I will present data indicating that nutrient amino acids 
signal not only to mTORCl, but also the MAP kinase pathway in 
macrophages responding to the toll-like receptor 4 (TLR4) ligand, 
lipopolysaccharide (LPS). We find that a MEK-family kinase regu¬ 
lates both pathways and is itself regulated by amino acid availability. 
These results suggest an explanation for the influence of host nutrient 
status on innate immune cell activation. 


Effects of leucine-rich diet and treatment 
with metformin on protein metabolism 
in tumour-bearing rats 

A. G. Oliveira and M. C. C. Gomes-Marcondes 

Department of Physiology and Biophysics, Laboratory 
of Nutrition and Cancer, Institute of Biology, State University 
of Campinas, UNICAMP, Campinas, SP, Brazil 

Background: Cancer induces cachexia state due to nutritional com¬ 
petition between host-tissue and neoplastic cells, characterized by 
involuntary body mass waste, mainly muscle protein. Leucine 
improves the protein synthesis in skeletal muscle and modulates the 
catabolism process in muscles, specially verified in experimental 
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tumour-being animals. Recent studies have shown that metformin acts 
as anti-proliferating and anti-angiogenic on cancer treatment. 
Methods: Wistar rats were distributed into six groups: control (C), 
tumour-bearing (W), submitted to leucine-rich diet (3% leucine 
supplementation) (L), tumour-bearing fed leucine-rich diet (LW), 
leucine and metformin treatment (100 mg/L in drinking water) (LM), 
tumour-bearing fed leucine diet, and treated with metformin (LWM). 
After 15 days, intestinal perfusion analyzed the leucine, methionine 
and glucose absorption. Total protein content and myosin heavy chain 
(MHC) expression were analyzed in muscles samples. 

Results: MHC expression was lower in W group, although LW has 
shown similar results as in C group. Moreover, the metformin 
treated groups showed higher MHC expression compared to control 
rats. Intestinal absorption of methionine was decreased in W when 
compared to C, while LWM presented higher absorption than LM 
and LW. Glucose absorption decreased in all tumour-bearing groups 
except the LM rats, which presented increase on glucose absorption. 
Conclusions: Leucine supplemented diet induced less protein 
depletion in tumour-bearing animals, and increased, consequently, the 
nutrients absorption such as amino acids and glucose. Additionally, 
the metformin treatment promoted higher glucose absorption as well 
increased the proteins synthesis. 


Physical exercise and leucine-rich diet improve 
the muscle protein metabolism in tumour bearing rats 

Emilianne Miguel Salomao, Aline Tatiane Toneto, 

Gisele Oliveira da Silva, Marcos Roberto Teixeira da Silva, 
and Maria Cristina Cintra Gomes-Marcondes 

Departamento de Fisiologia e Biofisica, IB, UNICAMP, 

Campinas, SP, Brazil 

Cancer-cachexia induces host waste by increasing the proteolysis and 
decreasing protein synthesis. Leucine-rich diet can recover the lean 
body mass preserving the whole muscle protein. Physical exercise can 
be an excellent alternative of coadjuvant treatment anti-cancer. 
Knowing this, we examined the effect of leucine-rich diet and exercise 
on muscle protein metabolism in Walker 256 tumor-bearing rats. Wistar 
rats submitted to aerobic exercise and leucine-rich diet were distributed 
into 8 groups: C, control rats; TC, trained, W, tumor-bearing; TW, 
trained tumor-bearing, L, rats fed leucine diet, TL, trained rats fed 
leucine diet; LW, tumor-bearing fed leucine diet; TLW, trained tumor¬ 
bearing fed leucine diet. After 21 days, the tumor development induced 
reduction on skeletal muscle protein synthesis in W 
[3,611 ± 397 nmol/(|ig protein h)] and LW [3,014 ± 355 nmol/ 
(pgprotein h)] groups in comparison to C rats [6,870 ± 978 nmol/ 
(pgprotein h)]. Gastrocnemius muscle proteolysis increased in W 
[2,524 ± 340 nmol/(pgprotein h] compared to C rats 
[1,189 ± 112 nmol/(pgprotein h)]. The muscle chymotrypsin-like 
activity increased in W (83.4 ± 24.4 pgprotein/min) compared to C 
group (49.2 ± 3.8 pgprotein/min); the cathepsin H activity reduced 
only in TW group (12.7 ± 3.2 pgprotein/min) compared to C 
(83.3 ± 14.2 pgprotein/min) and the calpain activity decreased in 
leucine treated groups. The 1 IS proteasome subunit increased in W 
(0.137 ± 0.01 arbitrary density) and WT groups (0.141 ± 0.01) com¬ 
pared to C rats (0.027 ± 0.009). Only the W and WL groups showed 
reduction in the whole myosin content. Although the tumor growth 
induced protein wasting in skeletal muscle, the effects produced by the 
association between exercise and leucine-rich diet showed the protein 
synthesis enhancing and reduced proteolysis, probably improving the 
tumor-bearing host. 

Acknowledgments: Supported by: Fapesp, CNPq, Capes and FAEP- 
UNICAMP. 


Repetitive and chronic neurotoxicity: 
models for understanding long-term 
deficits affecting the CNS 

Basic helix loop helix B2: a new candidate 
for targeting the brain against ischemia? 
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Brain ischemia results in brain dysfunction and overt clinical neu¬ 
rological signs. Glutamate, the neurotransmitter required for normal 
physiological excitation, is also involved in the pathophysiology of 
ischemia. Although this neuropathological process can be mediated 
by any of the glutamate receptors, the IV-methyl-D-aspartate 
(NMDA) glutamate receptor subtype plays a major role. In addition, 
NMDA receptors mediate adaptive responses important for synaptic 
plasticity during development and in the adult. However, the 
molecular mechanisms by which NMDA receptors mediate these 
opposing effects are poorly understood. Brain-derived neurotrophic 
factor (BDNF) is a member of the family of neurotrophins. BDNF is 
abundantly expressed and widely distributed in brain, particularly in 
the hippocampus. BDNF plays a crucial role in neuronal survival, 
maintenance and synaptic plasticity by binding to its high affinity 
receptor, TrkB. The bdnf gene is complex. There are at least nine 
exons and a terminal exon, which encodes the mature protein. 
Promoter IV of the bdnf gene is the major promoter that mediates 
activity-dependent BDNF transcription. Since activity-dependent 
BDNF expression plays a critical role in neuronal function and 
dysfunction, we sought to find other transcriptional regulators of 
promoter IV activity. Here we show that basic helix loop helix B2 
(BHLHB2), a member of the basic helix-loop-helix family of tran¬ 
scription factors, represses promoter IV-dependent BDNF gene 
transcription. BHLHB2 is expressed during development when there 
is ongoing neuronal differentiation and synaptogenesis suggesting 
that this protein plays an important role in neuronal function during 
development and in the adult. BHLHB2 is expressed in the hippo¬ 
campus, and cortex. Thus, BHLHB2 may be a critical transcription 
factor involved in the physiology and pathophysiology of NMDA 
receptor function. Low level NMDA receptor activation, which 
establishes a neuroprotective state in cultured neurons, was 
employed to determine the occupancy of two pro-survival 
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transcription factors, cAMP response element binding (CREB) 
protein and nuclear factor kappaB (NF-kB), and BHLHB2. NMDA 
receptor-dependent activation of promoter IV increases the binding 
of CREB and NF-kB while decreasing BHLHB2 occupancy. In a 
BHLHB2 knock-out mouse model, injection of kainic acid signifi¬ 
cantly increases exon 4-specific BDNF mRNA levels in the 
hippocampus. Because BHLHB2 is a hypoxia-inducible gene and is 
expressed in brain regions that are vulnerable to hypoxic-ischemic 
neuronal injury, BHLHB2 may be a new target for drug develop¬ 
ment in stroke. 


p53 involvement in Alzheimer’s disease: how 
fibroblasts may link neurons with lymphocytes 

Maurizio Memo 

Department of Biomedical Sciences and Biotechnologies, 

University of Brescia Medical School, Brescia, Italy, 
memo@med.unibs.it 

Alzheimer’s disease (AD) is the most common form of dementia 
among elderly people, that gradually destroys brain cells and leads 
to progressive decline in mental function. AD is difficult to diag¬ 
nose, especially in the early course of the disease. The confirmatory 
diagnosis of AD is possible only post mortem and is based on the 
recognition and quantification of senile plaques and neurofibrillary 
tangles. Detection of early disease-related biomarkers is crucial to 
facilitate the development of new diagnostic tools and drug thera¬ 
pies. In the search of putative biomarkers, an intriguing correlation 
between p53 and AD has been recently demonstrated. Based on 
previous work on fibroblasts, we demonstrated that peripheral blood 
cells from sporadic AD patients specifically express an anomalous 
and detectable conformational state of p53 (mutant p53) that allows 
to differentiate them from peripheral blood cells of age-matched 
non-AD subjects. In this regard, peripheral changes of the immune 
system have been reported including lymphocytes function and 
subset distribution. We hypothesize that the pathological processes 
leading to AD would cause characteristic changes in circulating 
peripheral cells, generating a detectable disease-specific cell phe¬ 
notypes. In this contest, lymphocytes appear to be the most 
interesting cells to be analyzed. The relevance of this hypothesis is 
twice. From one side, the presence of peripheral markers of AD may 
represent novel putative diagnostic tool to improve a clinical diag¬ 
nosis of AD. From the other, AD should be considered as a systemic 
disease. 


Enhancement of domoic acid toxicity by polyether 
compounds related to clupeotoxism 

A. Perez-Gomez 1 ’ 3 , M. T. Femandez-Sanchez 1,3 , 
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Clupeotoxism, a human syndrome due to clupeoid fish poisoning that 
may include neurological problems and death, has been originally 
associated with the polyether molecule palytoxin. The toxic action of 


palytoxin has been attributed to its capability to transform the Na + /K + 
pump in a non selective cation channel, inducing a progressive 
depolarization of cell membrane potential and ultimately cell death. 
We have used cultured cerebellar neurons to determinate the neuro¬ 
toxicity of palytoxin and to explore the possibility of interaction 
between palytoxin and the amnesic seafood excitotoxin domoic acid, 
which toxicity has been already characterized by our group in these 
neurons. Exposure of neuronal cultures to high picomolar concen¬ 
trations of palytoxin caused a slow neurodegeneration characterized 
by initial swelling of the cell bodies and followed by both neurite and 
cell body degeneration after 24 h. Only 10% neuronal survival was 
observed 24 h after exposure to 500 pM palytoxin. Intracellular Ca 2+ 
concentration following 2 h exposure to palytoxin increased 2-3 
times over basal levels. Exposure of cultures to subtoxic concentra¬ 
tions of both palytoxin and domoic acid resulted in massive 
neurodegeneration without any further increase in intracellular Ca 2+ 
concentration. The synergism between palytoxin and domoic acid in 
producing neurodegeneration was prevented by the non-NMDA 
receptor antagonist CNQX, but neither by NMDA receptor antago¬ 
nists nor VSCC blockers. 

These results provide further insight on the excitotoxic process 
and suggest the need to establish new safety limits for the presence of 
palytoxin and domoic acid in seafood. 

Acknowledgments: Supported by CICYT grants: AGF2005-07924- 
C04-03/ALI to M.T. Femandez-Sanchez and CTQ2008-06754-C04- 
03/PPQ to A. Novelli. 


Behavioural and electrographic evidence of seizure 
reduction after pharmacological preconditioning 
with domoic acid 
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Previously we have shown that low-dose domoic acid (DA) precondi¬ 
tioning produces tolerance to the behavioural effects of high-dose DA. 
In the present study we used electrocorticography (ECoG) to monitor 
subtle CNS changes during and after preconditioning. Young adult male 
Sprague Dawley rats were implanted with a left cortical electrode and 
acute cortical recordings were obtained during preconditioning by 
intrahippocampal administration of either low-dose domoic acid 
(15 pmole) or saline, followed by a high-dose DA (100 pmole) chal¬ 
lenge. The ECoG data were analysed using fast Fourier transformation 
to obtain the percentage of baseline power spectral density for low and 
high frequency ranges (delta-gamma; range: 1.25-100 Hz). Consistent 
with previous results, behavioural analysis confirmed that low-dose DA 
preconditioning 60 min before a high-dose DA challenge produced 
significant reductions in cumulative seizure scores and high level sei¬ 
zure behaviours. ECoG analysis revealed significant reductions in both 
power spectral density across delta-beta frequency bands (delta, 
P < 0.0001; theta, P < 0.0037; alpha, P < 0.002; beta, P < 0.002) and 
high frequency/high amplitude spiking in DA preconditioned animals, 
relative to saline controls. Significant correlations between seizure 
scores and cortical ECoG power confirmed that behavioural analysis is 
a reliable marker for seizure analysis. The reduction of power in delta to 
beta frequency bands in contralateral cortex does not allow a clear 
distinction between seizure initiation and seizure propagation, but does 
provide objective confirmation that pharmacological preconditioning 
by DA reduces network seizure activity. 
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GABA C receptor mechanisms in the rat amygdala 
and their role in the modulation of fear and anxiety 

M. Perez de la Mora 1 , A. Nuche-Bricaire 1 , C. Flores-Gracia 1 , 

M. Crespo Ramirez 1 , K. Fuxe 2 , and R. Miledi 3 

'Division of Neurosciences, Institute de Fisiologia Celular, 
Universidad Nacional Autonoma de Mexico, Mexico City, Mexico 
department of Neurosciences, Karolinska Institutet, 

Stockholm, Sweden 

institute de Neurobiologt'a, Campus Juriquilla, Queretaro, 
Universidad Nacional Autonoma de Mexico, Mexico City, Mexico 

It is generally accepted that the amygdala plays a prominent role in 
modulating anxiety. Moreover, GABA neurons are widely distrib¬ 
uted in the amygdala and particularly within the main intercalated 
and paracapsular islands, and the lateral division of the central 
nucleus (CeA) where they seem to form an inhibitory interface that 
may control the trafficking of nerve impulses from the amygdaloid 
basolateral complex and other brain regions to the medial CeA. As 
projections from the latter amygdaloid region to specific hypotha¬ 
lamic and autonomic brain stem nuclei give rise to different signs 
of fear and anxiety GABA neurons appear to be in a crucial 
position in the network to modulate these responses. The GABA C 
receptor is a new member of the ionotropic receptor family which 
differs from the GABA a receptor because it lacks sensitivity to 
bicuculine and forms functional homomeric receptors by the 
assembly of p subunits. GABA C receptors have much higher 
affinity for GABA and a slower rate of desensitization than the 
GABA a receptors and are thereby ideally suited to exert tonic 
inhibitory actions. Since GABA C receptors have been found in 
some selected brain regions and there exists electrophysiological 
evidence suggesting the presence of these receptors within the 
lateral CeA, it was of great interest to perform behavioural 
experiments aimed at exploring simultaneously both their existence 
within the amygdala and their possible role in the modulation of 
fear and anxiety. For this purpose, the selective GABAc antagonist 
l,2,5,6-tetrahydropyridin-4-yl)methylphosphinic acid (TPMPA) was 
infused bilaterally near the lateral CeA and the intercalated para¬ 
capsular islands, and the behavior was studied in the Elevated Plus- 
Maze. For the sake of comparison bicuculline was infused under 
the same experimental conditions in a different set of experiments. 
It was found that TPMPA at a low dose range (6-240 pmole/side), 
but not at a higher dose (800 pmol/side) decreased in a dose 
dependent way the time spent by the rats in the open arms of the 
maze as compared to the saline treated controls. Opposite effects 
were observed on the exploration of the closed arms of the maze. 
No effects of the administration of TPMPA were observed in the 
number of visits to the open arms of the maze, and no convulsions 
developed at any of the doses used. Bicuculline (1.8-60 pmol/side), 
unlike TPMPA had no effects on the exploration of the maze. The 
appearance of convulsions precluded the infusion of higher bicu¬ 
culline doses. No effects of TPMPA or bicuculline were observed 
on the locomotion of the rats; both in the elevated plus-maze and 
an open-field. Our results support the notion that GABA C receptors 
do exist in the rat amygdala and that they modulate fear and 
anxiety by exerting a tonic inhibitory effect on the anxiogenic 
output of the amygdala. 

Acknowledgments: Work supported by grant IN200508-3 from Di¬ 
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Protecting against seizure-induced neuropathology 
with GluR5KR antagonists 
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Organophosphoms compounds are potent neurotoxic chemicals that are 
widely used in industry and agriculture. Employed as insecticides, 
worldwide, they are yearly responsible of several millions of poison¬ 
ings. Nerve agents, which are the most toxic of the chemical warfare 
agents, are also organophosphoms compounds. Presently available 
countermeasures against nerve agents are not adequately effective in 
preventing brain injury, which is caused primarily by intense seizure 
activity. Profound brain damage due to nerve agent exposure can cause 
death, or long-term, severe neurological and behavioral illnesses. 
Therefore, there is an urgent need for development of safe and effective 
antidotes that will stop or reduce seizures and prevent brain damage 
after exposure. We have developed an in vitro model of rat brain slices 
containing both the amygdala and the hippocampus, two brain regions 
that are most prone to generating and spreading seizure activity. 
Simultaneous electrophysiological recordings from the amygdala and 
the hippocampus in these slices have revealed that in response to the 
nerve agent soman, the amygdala generates prolonged neuronal dis¬ 
charges resembling brain seizures, whereas the hippocampus generates 
only interictal-like spikes. As kainate receptors containing the GluR5 
subunit play a significant role in the regulation of neuronal excitability 
in the amygdala and the hippocampus, and GluR5 antagonists have been 
shown to block epileptiform activity in other models of seizure induc¬ 
tion, we have tested the effectiveness of these compounds against 
epileptiform activity induced by soman. The GluR5 antagonists 
UBP302 and LY293558 reduced the frequency and duration, or com¬ 
pletely eliminated the seizure-like discharges in the amygdala, and 
reduced the amplitude of the interictal-like spikes in the hippocampus. 
In vivo administrastion of these GluR5 antagonists to rats exposed to 
soman, at 60 min after the initiation of seizures, significantly reduced 
brain seizures and protected against neuronal loss and degeneration, as 
determined using design-based stereology on Nissl-stained sections and 
Fluoro-Jade-C staining, respectively. Screening for pharmacological 
efficacy of potential neuroptotective/anticonvulsant compounds in the 
amygdala and the hippocampus, simultaneously, in vitro, followed by 
in vivo testing—when the in vitro results are promising—is a strategy 
that can provide reliable data in an efficient manner. 

Long-term consequences of altered glutamatergic 
signalling during neonatal development 

D. A. Gill, D. S. MacDonald, and R. Andrew Tasker 
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We have previously reported that systemic injections of very low 
(subconvulsive) doses of the excitatory amino acid domoic acid (DOM) 
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during the second postnatal week of life in the rat, results in a repro¬ 
ducible behavioural syndrome with striking similarities to partial 
complex epilepsy when animals are exposed to novel environments as 
adults. Further, we have described evidence of hippocampal plasticity 
(mossy fibre sprouting) and elevations of some neurotrophin signaling 
systems in this model. We report herein that adult rats treated with DOM 
as neonates show reductions in both chemically and electrically- 
induced seizure threshold in vivo accompanied by region-selective 
reductions in subpopulations of GABAergic neurons in the hippo¬ 
campus. Further we have recorded field potentials in the presence or 
absence of glutamatergic and GABAergic antagonists in isolated hip¬ 
pocampal slices from treated rats and found evidence of alterations in 
the electrical gating characteristics of the dentate gyrus. These new data 
argue that relatively minor changes in glutamatergic signaling during 
neonatal development can result in permanent changes in the balance of 
excitatory/inhibitory tone in the hippocampal formation, with conse¬ 
quent effects on behaviour and brain pathology. 

Acknowledgments: Supported by the Natural Sciences and Engi¬ 
neering Research Council of Canada and the Atlantic Innovation 
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Acute and long-term neuronal loss induced by 
perinatal asphyxia: activation of pro-apoptotic, 
anti-apoptotic and sentinel proteins 
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Delivery is a risky event for the newborn. The mother-dependent 
respiration has to be replaced by an autonomous pulmonary breathing 
immediately after delivery. If delayed, hypoxia is sustained, leading 
inevitably to cell death, even after resuscitation. Re-oxygenation 
triggers a metabolic cascade worsening and/or delaying the recovery 
of the newborn. With an experimental model in rat, we observed that 
perinatal asphyxia (PA) leads to neuronal death and neurite atrophy in 
basal ganglia, and hippocampus, with behavioural deficits reflecting 
the severity of the insult. Cell death is observed even 30 days after 
birth with apoptotic features. Pro (BAD)- and anti (BCL-2, ERK-2)- 
apoptotic, as well as neurogenesis and neuritogenesis (BDNF, bFGF) 
promoting proteins are concomitantly increased. 

Nicotinamide can prevent some of the effects produced by PA, 
suggesting the involvement of the sentinel protein poly(ADP-ribose) 
polymerase-1 (PARP-1), known to be overactivated whenever there is 
a menace to the genome. We report here on the effect of PA on 
PARP-1 mRNA levels using Real Time PCR, as well as on PARP-1 
activity in the nuclear fraction of brain, and heart tissue, using a 
colorimetric method. It was found that the expression and activity of 
PARP-1 was increased in brain tissue following PA. In heart, PARP-1 


activity was first increased 8 h, but then decreased 24 h after delivery 
in PA, as compared to control pups. 

In summary, the present results support the idea that PARP-1 
overactivation is an underlying factor of the long term effects pro¬ 
duced by PA, and that PARP-1 inhibition provides neuroprotection. 
Acknowledgments: The support by FONDECYT (1080447; 
11070192), CONICYT/DAAD and Regione Autonoma Della Sarde¬ 
gna for Scientific Cooperation between Italy and Chile (Pesticidi 
naturali e neurotossicita; no. LR 19) grants is acknowledged 

Role of arginine dysregulation 
and elevated arginase activity 
in pulmonary disorders 

Asthma and the role of arginase in animal models 
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After almost two decades of intense scientific interest in the role of nitric 
oxide (NO) as an endogenous mediator of a variety of physiological and 
pathophysiological processes, there is now growing interest in the 
potential roles of arginase—as a regulator of the synthesis of NO, and of 
polyamines and L-proline. Recent evidence indicates that increased 
arginase activity and altered L-arginine homeostasis are major factors in 
the pathology of allergic asthma. In guinea pigs, it has been discovered 
that arginase activity is involved in the regulation of airway function 
and responsiveness by attenuating bronchodilating NO production and 
that increased activity of the enzyme underlies the development of 
allergen-induced airway hyperresponsiveness. Increased expression 
and activity of arginase has been confirmed in numerous other animal 
models of asthma and in asthmatic patients. Some of these studies have 
indicated that genes encoding for arginases I and II belong to the most 
predominantly overexpressed genes in asthma, which may be induced 
by Th2 cytokines implicated in the disease. By in vivo studies using a 
guinea pig model of allergic asthma, we have recently demonstrated 
that specific arginase inhibitors may effectively inhibit allergen- 
induced early and late asthmatic reactions, AHR after these reactions 
and airway inflammation. Moreover, we now demonstrate that arginase 
inhibition also inhibits airway remodelling in chronic asthma, which 
might involve NO-dependent as well as NO-independent processes, via 
inhibition of L-omithine production and subsequent synthesis of poly¬ 
amines and L-proline. These studies indicate that arginase inhibitors 
have therapeutic potential in allergic asthma. 

Arginine metabolism and airflow obstruction 
in asthma 

Sumita B. Khatri 

Division of Pulmonary, Critical Care, and Sleep Medicine, 
Department of Internal Medicine, Case Western Reserve 
University School of Medicine/MetroHealth Medical Center, 
Cleveland, OH, USA 

Arginine metabolism has been noted to play a role in various pul¬ 
monary diseases, including asthma, through a complex interplay 
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between arginase and nitric oxide synthase (NOS) activity. Nitric 
oxide (NO) is produced from arginine via NOS. Exhaled NO levels 
are higher in asthmatics compared with controls and correlate with 
inflammatory characteristics in the airways as well as airway 
obstruction. However, NO also has bronchodilatory properties. 
Arginine can also be metabolized by arginase, forming ornithine, a 
precursor to polyamines and L-proline, which may promote cell 
proliferation and collagen production. Results from a large cohort 
established that single nucleotide polymorphisms for arginase I and II 
were associated with an increased relative risk of atopy and asthma. 
Another study demonstrated high arginase activity during asthma 
exacerbations which may reduce with treatment. Also, a recent cross- 
sectional study of stable severe and non-severe asthmatics and con¬ 
trols evaluated whether assessment of arginine bioavailability and 
alterations in arginine metabolism may be useful in the phenotypic 
characterization of asthma. In this study arginase activity and arginine 
availability (measured by systemic arginine concentrations respective 
to ornithine citrulline and methylarginines) was higher in asthmatics. 
Particularly in severe asthmatics, arginase activity was associated 
with lower lung function and worse airway obstruction, providing 
insight into the metabolic mechanisms that may lead to airway 
remodeling and obstruction in severe asthma. Therefore arginine 
metabolism and catabolism is a complex process, and appears to be 
variably affected in asthma, with differences according to clinical 
phenotypes. 


L-arginine metabolism and arginase in cystic fibrosis 
lung disease 

Hartmut Grasemann 
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Nitric oxide (NO) is recognized to be involved in multiple aspects of 
lung biology in cystic fibrosis (CF), and is known to play a key role in 
bronchomotor control and antimicrobial host defense. L-arginine is 
the common substrate for both the NO synthases and arginase fami¬ 
lies of isozymes and CF airways are deficient in NO synthesis. 
However, CF patients have increased airway arginase activity. 
Reduced L-arginine availability for NO synthesis may result in airway 
obstruction and impaired killing of P. aeruginosa in the CF lung, 
mechanisms which may be counteracted by increasing L-arginine 
availability for NO synthases in the CF lung. 

Experiments in a CF mouse model using a LC-tandem spec¬ 
troscopy based assay after infusion of stable amino acid isotopes 
show abnormalities in pulmonary L-arginine metabolism in the CF 
mice with up-regulated NOS and arginase activity in vivo. In 
addition, preliminary data from infected mice show that chronic 
Pseudomonas aeruginosa infection of the lung results in a signif¬ 
icant alteration in L-arginine metabolism, specifically enrichment of 
ornithine, which matches our results from arginases activity 
measurements. 

In regards to clinical studies we have recently shown that a 
single inhalation of nebulized L-arginine resulted in a significant 
increase of airway NO formation and pulmonary function in 
patients with CF (Grasemann H et al., AJRCCM 2006). We are 
currently conducting a double-blind, randomized, placebo-con¬ 
trolled crossover treatment trial in 20 CF patients to study the 
effects of 14 days of L-arginine inhalation on airway NO formation, 
pulmonary function, and inflammation. Results of this trial will be 
presented. 


Hemolysis and arginine dysregulation 
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Secondary pulmonary hypertension (PH) is emerging as one of the 
leading causes of mortality and morbidity in patients with hemolytic 
anemias such as sickle cell disease (SCD) and thalassemia. Impaired 
nitric oxide (NO) bioavailability represents the central feature of 
endothelial dysfunction, and is a major factor in the pathophysiology 
of PH. Inactivation of NO correlates with hemolytic rate and is 
associated with the erythrocyte release of cell-free hemoglobin, which 
consumes NO directly, and the simultaneous release of the arginine- 
metabolizing enzyme arginase, which limits bioavailability of the NO 
synthase substrate arginine during the process of intravascular 
hemolysis. Rapid consumption of NO is accelerated by oxygen rad¬ 
icals that exist in both SCD and thalassemia. A dysregulation of 
arginine metabolism contributes to endothelial dysfunction and PH in 
SCD, and is strongly associated with prospective patient mortality. 
The central mechanism responsible for this metabolic disorder is 
enhanced arginine turnover, occurring secondary to enhanced plasma 
arginase activity. This is consistent with a growing appreciation of the 
role of excessive arginase activity in human diseases, including 
asthma and pulmonary arterial hypertension. New treatments aimed at 
improving arginine and NO bioavailability through arginase inhibi¬ 
tion, suppression of hemolytic rate, oral arginine supplementation, or 
use of NO donors represent potential therapeutic strategies for this 
common pulmonary complication of hemolytic disorders. 

Arginine metabolism and transport in pulmonary 
hypertension 

Leif D. Nelin 
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University, Columbus, OH, USA 

Pulmonary hypertension (PH) is a disease characterized by vasocon¬ 
striction, vascular remodeling and low endogenous production of the 
potent vasodilator nitric oxide (NO) in the pulmonary circulation. This 
has lead to the use of exogenous NO given as an inhaled gas as a therapy 
for PH. However, inhaled NO has side-effects and many patients do not 
respond to inhaled NO, for example ~ 40% of patients with neonatal PH 
do not respond to inhaled NO. Therefore, new therapeutic modalities 
designed to increase endogenous NO production are needed for PH. l- 
arginine is the substrate for the NO synthases (NOS) which produce NO 
and L-citrulline. The transport of L-arginine into endothelial cells 
depends in large part on the cationic amino acid transporters (CAT). 
Alterations in CAT-mediated L-arginine transport affect NO production 
in the lung, for example adding L-arginine increases NO production, 
while inhibiting L-arginine uptake by CAT decreases NO production. 
Indeed, the expression of CAT is altered in hypoxia (a model of PH), 
and in this setting NO production can be augmented by over-expressing 
CAT in endothelial cells. Once L-arginine is transported into endothelial 
cells it can also be metabolized by arginase to produce urea and L- 
omithine. Indeed, inhibiting arginase activity augments lung NO pro¬ 
duction in endothelial cells. Thus, L-arginine transport by CAT and L- 
arginine metabolism by arginase are two key regulators of lung NO 
production and represent novel therapeutic targets to augment NO 
production in PH. 
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Arterial injury induces L-arginine metabolizing 
enzymes to promote neointima formation 

William Durante 1 ’ 2 ’ 3 , Mohammed A. Azam 1 ’ 2 ’ 3 , 

Sankaranarayanan Kannan 1 ' 2 ’ 3 , Xiao-ming Liu 1 ’ 2 ’ 3 , 

Hong Wang 1 ’ 2 ’ 3 , David A. Tubs 1 ’ 2 ' 3 , and Kelly J. Peyton 1 ’ 2 ’ 3 

'Department of Medical Pharmacology and Physiology, 

University of Missouri, Columbia, MO, USA 

department of Physiology, East Carolina University, Greenville, 

NC, USA 

'Department of Pharmacology, Temple University, Philadelphia, 

PA, USA 

Proliferation of vascular smooth muscle cells (VSMCs) plays a critical 
role in the formation of neointimal lesions; however, the mechanisms 
responsible for neointima development are not fully known. Since L- 
arginine is metabolized to important growth regulatory molecules, the 
present study investigated whether L-arginine metabolizing enzymes 
contribute to neointima formation following arterial injury. Balloon 
injury of rat carotid arteries resulted in a rapid increase in inducible 
nitric oxide synthase (iNOS), arginase I, and ornithine decarboxylase 
(ODC) expression. ODC activity peaked 1 day after arterial damage 
while arginase I and iNOS activity peaked 7 days following injury. The 
increase in arginase activity was associated with an approximate two¬ 
fold increase in arginase I protein expression in the vessel wall. 
Immunohistochemistry detected minimal arginase I staining in unin¬ 
jured carotid arteries; however, 7 days after injury arginase I staining 
was observed throughout the vessel wall but intense arginase I 
expression was detected in the neointima. Local perivascular applica¬ 
tion of the arginase inhibitors (S)-2-boronoethy I-I.-cysteine or N- 
hydroxy-nor-L-arginine immediately after injury markedly attenuated 
VSMC proliferation and neointima formation 14 days after injury. In 
contrast, the arginase inhibitors had no effect on VSMC apoptosis or 
endothelial cell regrowth following arterial injury. Finally, the local 
application of the ODC inhibitor a-difluoromethylomithine also 
inhibited neointima formation. In conclusion these results demonstrate 
that arterial injury induces the expression of iNOS, arginase I, and ODC, 
and that local application of arginase or ODC inhibitors block intimal 
thickening. These results identify L-arginine metabolic pathways as 
attractive therapeutic targets in treating occlusive vascular disease. 


Role of fibrinogen in microcirculation 

Fibrinogen variants and association with risk 
of cardiovascular disease 

Moniek P. M. de Maat 

Erasmus University Medical Center, Rotterdam, the Netherlands 

Plasma fibrinogen levels have consistently been associated with risk of 
cardiovascular disease. Fibrinogen is a very heterogenous molecule and 
many common variants have been described. Common fibrinogen 
variants include the low molecular weight form (LMW-fibrinogen, MW 
305 kDa, ±26% of total fibrinogen) and the LMW’ form (MW 
270 kDa, ±4% of total fibrinogen) which are the result of partial deg¬ 
radation of one or two Aa-chains. In the aC domain the coagulation rate, 
lateral aggregation, binding to integrins is located. Another common 
variant is the y’ form of fibrinogen (7-15%) which is the result of 
alternative splicing of the fibrinogen y-chain. This variant of fibrinogen 
has increased thrombin and FXIII binding, while it lacks the platelet 


binding site. The fibrinogen genes contain a large number of poly¬ 
morphisms, of which several have been shown to affect fibrinogen 
levels or fibrinogen functions. Since each form has its own specific 
characteristics on clotting rate, fibrin network structure or fibrinolysis, it 
may be expected that these fibrinogen variants are differently assoca- 
tiated with risk of cardiovascular disease. In the presentation, an 
overview will he presented on the associations, and the possible 
underlying mechanisms, between fibrinogen variants and cardiovas¬ 
cular disease. 


Vessel-specific vasodilation by fibrinogen: 
role of the a v B 3 integrin v 

S. Kumpf*, O. Kocgirli*, T. Suvorava, M. Bas, 

and G. Kojda*Both authors contributed equally to this work 

Institut fur Pharmakologie und Klinische Pharmakologie, 
Universitatsklinik Diisseldorf, Heinrich-Heine-Universitat, 
Diisseldorf, Germany, kojda@uni-duesseldorf.de 

Human fibrinogen is a circulating 340 kDa glycoprotein, primarily 
synthesised by hepatocytes with a half-life of around 100 h. The 
normal plasma concentration ranges between 4.8 and 10.5 pM (160- 
350 mg/dl). During episodes of inflammation, the synthesis of 
fibrinogen is increased, an effect thought to be mediated by inter¬ 
leukin-6 (IL-6). Contrary to the well-known importance in 
coagulation and the acceleration on cardiovascular disease progres¬ 
sion, little is known about direct vasomotor effects of fibrinogen. Both 
vasodilation and vasoconstriction have been reported. 

We aimed to examine a possible contribution of fibrinogen to the 
regulation of vascular tone by investigating the vasomotor effects of 
fibrinogen over the full range of plasma concentrations. Furthermore, the 
effect of fibrinogen on bradykinin-induced vasodilation was explored. 
We used purified human fibrinogen, purified bovine fibrinogen and crude 
commercially available bovine fibrinogen. Rings of human mammary 
artery (IMA), small porcine coronary (SPCA) and porcine tongue arteries 
(PTA) were prepared and investigated in-vitro. Primary cultures of por¬ 
cine aortic endothelial cells (PAEC) and human umbilical vein 
endothelial cells (HUVEC) were established to investigate the effects of 
fibrinogen on the expression of the bradykinin receptor type 2 (BKR-2) 
which is constitutively expressed in endothelial cells. 

Fibrinogen appears to be a vessel-specific vasodilator in blood 
vessels with comparably high expression of the a v j? 3 integrin. In these 
blood vessels fibrinogen also potentiates vasodilation by bradykinin. 
While fibrinogen increases the activation of the vascular NO/cGMP 
pathway stimulated by bradykinin, it has no effect on the constitutive 
expression of BKR-2 in endothelial cells. 


Direct effects of fibrinogen on human smooth muscle 
cell phenotype 

Bernhard H. Rauch and Karsten Schror 

Institut fur Pharmakologie und Klinische Pharmakologie, 
Universitatsklinikum Diisseldorf, Diisseldorf, Germany 

Fibrinogen is deposited in the vessel wall at atherosclerosis-prone sites 
and increased fibrinogen levels are considered as an independent ath¬ 
erogenic risk factor. Fibrinogen directly promotes proliferation and 
migration of smooth muscle cells (SMC) and may thereby contribute to 
vascular lesion formation. In addition, interactions of fibrinogen with 
the intercellular adhesion molecule-1 (ICAM-1) mediate cellular 
adhesion and trans-endothelial leukocyte invasion. In the present study. 
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we demonstrate that fibrinogen-induced migration of human vascular 
SMC in mediated by binding to ICAM-1 which results in activation of 
the Akt and p38-MAPK pathway. SMC were explanted from human 
saphenous veins and cultured in media with 10% fetal calf semm. 
Fibrinogen concentration-dependently (1-100 pM) induced SMC 
migration in Boyden chamber assays. Phosphorylation of extracellular- 
regulated kinases (ERK 1/2), Akt, and p38 in fibrinogen-stimulated 
SMC was determined by Western blotting. Fibrinogen-induced cell 
migration was inhibited by antibodies to ICAM-1 (10 pg/ml), the PI3- 
kinase inhibitor LY294002 (10 pM) and the p38 inhibitor SB203580 
(10 pM). In contrast, the MEK inhibitor PD98059 (10 pM) and the 
GPIIb/IIIa antagonist abciximab (10 pg/ml) had no effect on SMC 
migration. In line with these observations, ICAM-1 antibodies, but not 
abxicimab, inhibited fibrinogen-induced phosphorylation of Akt and 
p38. Fibrin-induced phosphorylation of ERK 1/2 was not affected by 
ICAM-1 antibodies or by abxicimab. These data suggest that fibrinogen 
stimulates migration of human vascular SMC via binding to ICAM-1 
and activation of Akt and p3 8. Our study clarifies the role of ICAM-1 for 
fibrinogen-induced SMC chemotaxis which may contribute to the 
proatherogenic effects of fibrinogen. 

Fibrinogen-induced endothelial cell layer 
permeability, role of MMP 

David Lominadze 

University of Louisville, Louisville, KY, USA 

Fibrinogen (Fg) is a well known inflammatory agent. The slightest 
elevation of its plasma content increases risk of cardiovascular com¬ 
plications associated with diseases such as hypertension, diabetes, and 
stroke. Recent studies have shown that Fg exhibits vasoactive properties 
and alters endothelial cell (EC) layer integrity. We found that Fg 
binding to endothelial intercellular adhesion molecule 1 (ICAM-1) 
causes arteriolar constriction in vitro and in vivo. Our recent studies 
show that Fg may have a role in the regulatory production of the most 
potent vasoconstrictor endothelin-1 (ET-1) from ECs. Recently we 
found that elevated content of Fg increases permeability of EC layer to 
albumin through formation of filamentous actin (F-actin). Fg itself, 
although it takes a longer time, can leak through the EC layer. Sub¬ 
sequent studies suggested that increased binding of Fg to EC alters 
expression of tight junction proteins through extracellular signal-reg¬ 
ulated kinases-1 and 2 (ERK-1/2) signaling and adherence junction 
proteins through activation of matrix metalloproteinases. Combined, 
these results indicate that Fg may have a significant role in microcir- 
culatory complications arising during diseases such as hypertension, 
diabetes, and stroke, which are typically accompanied with increased 
content of this plasma adhesion protein. 

Roles of glutamatergic transmission 
and plasticity in pain 

Spinal AMPA receptor plasticity in inflammatory 
pain 

Max Larsson 

Department of Anatomy and Centre for Moleculary Biology 
and Neuroscience, University of Oslo, Oslo, Norway 

Pain hypersensitivity accompanying inflammation or tissue injury is 
a physiological response that serves to protect the injured tissue 


from adverse behaviour. However, sometimes this hypersensitivity 
outlasts the initial injury or is the result of injury to the nervous 
system, in which case it becomes pathological. It has long been 
known that central mechanisms contribute to pain hypersensitivity, 
and evidence suggest that LTP-like potentiation of nociceptive 
primary afferent synapses may be one such mechanism. However, 
both the molecular mechanisms that underlie such plasticity and 
the specific synaptic populations involved are unclear. Using neu¬ 
ronal tracing and immunoelectron microscopy, we have shown that 
the capsaicin model of inflammatory pain is associated with an 
elevated density of GluAl- but not GluA2/3-containing AMPA- 
type glutamate receptors at synapses formed by C-fibers that lack 
neuropeptides such as substance P. By contrast, little or no change 
in AMPA receptor subunits occur at synapses from nociceptive 
primary afferent fibers expressing substance P. Curiously, 
autophosphorylated CaMKII, which is strongly implicated in syn¬ 
aptic plasticity at central glutamatergic synapses, shows decreased 
levels in the postsynaptic density of synapses from substance 
P-lacking C-fibers but increased levels postsynaptic to substance 
P-containing nociceptors in the same inflammatory pain 
model. Thus, potentiation of non-peptidergic C-fiber synapses 
by recruitment of GluAl-containing, possibly Ca 2+ -permeable 
AMPA receptors may underlie some aspects of inflammatory 

Furthermore, unlike in proposed LTP mechanisms at other gluta¬ 
matergic synapses, there appears to be a dissociation between 
CaMKII autophosphorylation and activity-dependent AMPA receptor 
trafficking at the two major types of nociceptive primary afferent 
synapse. 


Novel forms of long-term potentiation at spinal 
synapses of nociceptive C-fibers 

Ruth Drdla and Jurgen Sandkiihler 

Center for Brain Research, Department of Neurophysiology, 

Medical University of Vienna, Vienna, Austria 

Activity-dependent forms of long-term potentiation (LTP) at 
glutamatergic synapses in the hippocampus may underlie learning 
and memory formation. We identified LTP at spinal synapses of 
nociceptive C-fibre afferents that may cause pain amplification. 
LTP was induced by either high frequency (100 Hz) or by low 
frequency (2 Hz) conditioning electrical nerve stimulation or by 
natural noxious stimuli or acute nerve injury. These different forms 
of spinal LTP can be induced in vivo and in vitro, involve distinct 
populations of nociceptive spinal dorsal horn projection neurons 
and require Ca -dependent signalling pathways. In addition, LTP 
was also induced in the absence of any presynaptic activity upon 
abrupt but not upon tapered withdrawal from brief (60 min) 
application /i-opioid receptor agonists. Postsynaptic G-protein 
coupling was required for induction of opioidergic LTP upon 
withdrawal from opioids, in contrast to the acute synaptic depres¬ 
sion during the application of the opioid. Some nociceptive dorsal 
hom neurons responded with a Ca 2+ rise to the application and/or 
the withdrawal of the opioid in vitro or in vivo. The Ca 2+ rise 
upon withdrawal from the opioid was indispensable for the 
induction of opioidergic LTP. These various forms of LTP at 
spinal nociceptive synapses may contribute to pain amplification 
(hyperalgesia) after peripheral trauma, nerve injury or inflammation 
and to opioid-induced hyperalgesia. 
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Cortical plasticity as a cellular model for chronic 
pain 

Min Zhuo 1,2 

'Department of Physiology, Faculty of Medicine, University 
of Toronto, Toronto, ON, Canada 

2 Center for the Study of Pain, University of Toronto, Toronto, 

ON, Canada 

Investigation of molecular and cellular mechanisms of synaptic plas¬ 
ticity is the major focus of many neuroscientists. There are two major 
reasons for searching new genes and molecules contributing to central 
plasticity: first, it provides basic neural mechanism for learning and 
memory, a key function of the brain; second, it provides new targets for 
treating brain-related disease. Here, I propose that LTP in the anterior 
cingulate cortex (ACC) as a synaptic model for chronic pain in the brain. 
Integrative approaches including genetic, neurobiological and physio¬ 
logical methods are used to investigate the roles of cortical neurons and 
microglia in pain-related synaptic LTP and chronic pain. We found that 
both presynaptic enhancement of glutamate release and postsynaptic 
potentiation of AMPA receptors contribute to chronic pain such as 
inflammatory pain and neuropathic pain. Furthermore, calcium-stim¬ 
ulated adenylyl cyclase subtype 1 (AC1) is critical for triggering both 
presynaptic and postsynaptic changes. By contrast, microglia only 
contributes to changes in spinal dorsal horn, but not in the cortex. Our 
findings strongly suggest that e that ACC LTP may serve as a cellular 
model for studying central sensitization that related to chronic pain, as 
well as pain-related cognitive emotional disorders. 

A behavioural fish model of nociception for testing 
new analgesic drugs 

Ana D. Correia 1 , Sergio R. Cunha 2 ’ 3 , and Don Stevens 4 

'instituto de Medicina Molecular, Faculdade de Medicina 
da Universidade de Lisboa, Lisboa, Portugal 
2 CIMAR- Centro de Investiga5ao Marinha e Ambiental, 4050- 
123 Porto, Portugal 

3 Faculdade de Engenharia, Universidade do Porto, 4200-465 
Porto, Portugal 

4 Biomed Sci, Atlantic Veterinary College, Charlottetown, PE, 
Canada 

Research on pain and analgesia has contributed significantly to better 
treatment strategies for human pain-related disorders. As the goal is to 
develop safer and more effective pain treatments for patients, mainly 
mammalian models are used to test analgesic drugs by inducing a 
“painful” state in the animal via a noxious stimulus. However, from an 
ethical point of view, this is a controversial issue, and encourages the 
development of alternative models. Evidences suggest that vertebrate 
fish can respond to nociceptive stimuli and that they possess the nec¬ 
essary sensory components to detect and respond to pain similarly to 
those of higher vertebrates. Especially Zebrafish (Danio rerio) is con¬ 
sidered as an alternative model species, mainly due to its simple nervous 
system, well studied genetics, behaviour, and amenability for testing 
purposes. We have developed an acute pain model based upon the 
behavioural responses of zebrafish to acetic acid. This compound was 
chosen because its protons are known to stimulate nociceptive recep¬ 
tors. Time-course behavioural changes were investigated before and 
after the injection to the lips of fish, and locomotory activity of housed 
individuals were automatically recorded by a biomonitor system. We 
observed nociceptive-related behaviour patterns in response to acid 
acetic, i.e. an increased lethargy and respiratory frequency, which lasted 
for over 90 min. This confirms nociception in zebrafish and shows that 


pain-related responses in fish can be used for testing analgesic drugs. 
Currently, we are validating the model by investigating the inhibition of 
reference analgesic drugs (morphine and ibuprofen) on the nociceptive 
behaviours. 


Intrathecally injected Ile-Pro-Ile, an inhibitor 
of membrane ectoenzyme dipeptidyl peptidase IV 
(CD26, EC 3.4.14.5), is antihyperalgesic in rats 
by switching the enzyme from hydrolase to synthase 
functional mode to generate endomorphin 2 

Komel Kiraly 1 , Balazs Szalay 2 , Judit Szalai 1 , Istvan Bama 3 , 

Klara Gyires 1 , and Andras Z. Ronai 1 

'Department of Pharmacology and Pharmacotherapy, 

Semmelweis University, Budapest, Hungary 

2 lst Department of Pediatrics, Semmelweis University, 

Budapest, Hungary 

3 HAS Institute of Experimental Medicine, Budapest, Hungary 

Background: We have found recently that membrane-bound 
dipeptidyl peptidase IV (DPP-IV) generated extracellularly immuno- 
reactive endomorphin 2 (E2) from Tyr-Pro precursor in a 
depolarisation-sensitive manner in rat isolated L4,5 dorsal root ganglia 
when the enzyme was switched to synthase mode by the hydrolase 
inhibitor Ile-Pro-Ile (IPI)(presentation by Ronai et al., this Congress). 
Results: We induced hyperalgesia in rats by injecting carrageenan 
into the right hindpaw and measured the reduction in pain threshold to 
pressure (Randall-Selitto test). The hyperalgesia, peaking at 180 min 
after injection, was fully reversed by intrathecal (it) administration of 
30 nmol/rat IPI. The antihyperalgesic action was antagonized by sc 
naloxone (1 mg/kg) and it injected specific antiserum to E2 indicating 
that the opioid receptor-mediated effect was produced by an endog¬ 
enously generated E2-like immunoreactive substance. Intrathecal IPI 
was ineffective as analgesic in acute pain perception test such as rat 
tail-flick, whereas E2 (EC 50 = 13.3 nmol/rat), El (6.8 nmol/rat), 
morphine (0.11 nmol/rat) and DAMGO (0.0059 nmol/rat) exerted 
opioid receptor-mediated analgesia given by the same route. 
Conclusion: Carrageenan-induced C-fiber barrage (“wind-up”) may 
create ideal conditions for the de novo synthesis of E2 in rat spinal 
cord dorsal horn if the enzyme DPP-IV is switched to “synthase” 
functional mode by IPI. 

Synthesis and structure-activity relationships 
of novel hexapeptides with Ca,a- disubstituted cyclic 
amino phosphonates as nociceptin receptor ligands 

Emilia D. Naydenova 1 , Petar T. Todorov 1 , Nikola D. Pavlov 1 , 
Rositza N. Zamfirova 2 , Polina I. Mateeva 2 , 
and Simeon B. Todorov 2 

'Department of Organic Chemistry, University of Chemical 
Technology and Metallurgy, Sofia, Bulgaria, 
e_naydenova@abv.bg, pepi_37@abv.bg 
institute of Neurobiology, Bulgarian Academy of Sciences, 

Sofia, Bulgaria 

Nociceptin/Orphanin FQ (N/OFQ) is a heptadecapeptide, endogenous 
ligand for the G(i)-protein-coupled N/OFQ receptor (NOP), struc¬ 
turally and functionally related to the classical opioid receptors. The 
N/OFQ and its NOP receptor modulate a variety of biological func¬ 
tions, both at central and peripheral level. The nociceptin receptor is 
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activated also by non-peptide agonists and by short 6-amino acid 
peptides as exemplified by Ac-RYYRWK-NH 2 , which was identified 
from a large combinatorial library of hexapeptides as a very potent 
partial agonist for mouse NOP. Ac-RYYRWK-NH 2 has been radio- 
labelled and characterised in receptor-binding experiments. [ 3 H]Ac- 
RYYRWK-NH 2 is shown to be a selective ligand for the nociceptin 
receptor and may be useful for further understanding of ligand- 
binding domain of this receptor. The hexapeptides are used as 
chemical templates in structure-activity relationships (SAR) studies 
for identification of novel NOP receptor ligands. Based on the tem¬ 
plate Ac-RYYRWK-NH 2 , new hexapeptides analogues have been 
synthesised with Ca,a-disubstituted cyclic amino phosphonates at 
position 1, using SPPS Fmoc-chemistry. 

The biological activity of the newly synthesized peptides has been 
tested on electrically stimulated preparations isolated from rat vas 
deferens and compared to Ac-RYYRWK-NH 2 , discussing the results 
in relation to structure-activity relationships. 


SI00 proteins in health and disease 

Insights into the function of S100B from structural 
and spectroscopic studies 

Guenter Fritz 

Fachbereich Biologie, Universitat Konstanz, Konstanz, Germany 

S100B is a member of the S100 protein family which constitutes the 
largest subfamily of Ca 2+ -binding EF-hand proteins in human. It is 
ubiquitously expressed in all tissues, including the human brain where it 
is present in very high amounts. Remarkably, SlOOBhasboth intra- and 
extracellular functions. Intracellularly S100B transduces Ca 2+ signals, 
whereas it acts extracellularly as a neurotrophic and neuroprotective 
cytokine via the Receptor for Advanced Glycation Endproducts 
(RAGE). Besides Ca 2+ , S100B binds other divalent metal ions like Zn 2+ 
and Cu 2+ with high affinity; however the precise function of Zn 2+ and 
Cu 2+ remains still unknown. We are trying to understand these multiple 
functions of S100B at a molecular level applying X-ray crystallography 
and spectroscopic techniques like surface plasmon resonance (SPR), 
electron paramagnetic resonance (EPR) and UV-visible spectroscopy. 
We could show recently that S100B occurs as multimers in the brain 
which bind with higher affinity to RAGE inducing stronger activation of 
cell growth and survival. Moreover, SPR measurements revealed that 
Zn -binding increases as well SlOOB’s affinity towards RAGE 
implying an extracellular regulatory role of Zn 2+ . EPR studies on Cu 2+ - 
binding to S100B demonstrated that Cu 2+ competes with Zn 2+ for the 
same binding site in S100B but binds with several fold affinity and leads 
to oxidative modifications of S100B. 


Posttranslational modifications of the metastasis- 
promoting protein S100A4 

Mads H. Haugen, Kjersti Flatmark, and Gunhild M. Maelandsmo 

Department of Tumor Biology, Institute for Cancer Research, 

The Norwegian Radium Hospital, Oslo University Hospital, 
Montebello, Oslo, Norway 

Elevated S100A4 levels are associated with the metastatic pheno¬ 
type of tumor cells and with adverse prognosis in several tumor 


types. Although the basis for its metastasis-promoting effects is 
incompletely understood, S100A4 has been linked to multiple 
cellular events of known relevance to the metastatic process, such 
as invasion and angiogenesis. S100A4 has been identified extra¬ 
cellularly, in the cytoplasm and in the nucleus of tumor cells, but 
the biological implications of subcellular localization are unknown. 
Associations between a variety of posttranslational protein modifi¬ 
cations and altered biological functions of proteins are becoming 
increasingly evident, and such alterations may have an impact on 
the metastatic process. Several S100 proteins are reported to be 
posttranslationally modified with known biological implications. 
Identification and characterization of posttranslationally modified 
S100A4 variants could thus contribute to elucidating the mecha¬ 
nisms for the many cellular functions that have been reported for 
this protein. Using in-house produced antibodies we immunopre- 
cipitated S100A4 from protein lysates from colorectal carcinomas 
and cell lines. When resolved by 2-dimensional PAGE and visu¬ 
alized by western immunoblotting, S100A4 from whole cell lysates 
and immunoprecipitates showed a characteristic pattern of numer¬ 
ous horizontally aligned spots, suggesting the presence of several 
charge variants. Several of these have been further verified to be 
S100A4 by mass spectrometry, and our findings indicate the 
existence of posttranslational modifications of S100A4. Similar, 
although not identical, findings have been reported by other groups. 
Results from our studies towards the nature of these posttransla¬ 
tional modifications and their possible biological implications will 
be presented. 


Does S100A6 (calcyclin) influence the function 
of CacyBP/SIP and Sgtl? 

Anna Filipek 

Nencki Institute of Experimental Biology, Warsaw, Poland 

S100A6 (calcyclin) is a low molecular weight calcium binding 
protein belonging to the SI00 family. High level of S100A6 has 
been found in fibroblasts, epithelial cells and in tumor cells with 
high metastatic activity. S100A6, similarly to other Ca 2+ -sensors, 
changes its conformation after binding of calcium ions and inter¬ 
acts with several target proteins such as glyceraldehyde-3- 
phosphate dehydrogenase (GAPDH), annexin II, annexin VI and 
annexin XI. S100A6 might also interact with membrane proteins 
since it was found to be associated with prolactin receptor and 
RAGE. The chicken isoform of S100A6 binds caldesmon, tropo¬ 
myosin, calponin and lysozyme. The interactions between S100A6 
and these targets occurred at high concentration of Ca 2+ and their 
physiological role is unclear. The search for new targets of S100A6 
led to the identification of CacyBP/SIP and of Sgtl proteins. Both 
CacyBP/SIP and Sgtl, interact, besides S100 proteins, with other 
ligands. For instance, it has been shown that CacyBP/SIP binds 
tubulin and ERK1/2 and through these interactions might play a 
role in differentiation of neuroblastoma NB2a cells. A CacyBP/SIP 
homolog, the Sgtl protein, binds to some heat shock proteins such 
as Hsp90 or Hsp70. The results obtained recently in our laboratory 
indicate that S100A6 influences the activity of the complexes 
formed by CacyBP/SIP and Sgtl. Thus, in this presentation the role 
of S100A6 in the activity of CacyBP/SIP and Sgtl will be 
discussed. 

Acknowledgments: This work was supported by grant 2 P04A 01030 
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mental Biology. 
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S100A11, a dual mediator for growth regulation 
of normal human keratinocytes 

Masakiyo Sakaguchi and Nam-ho Huh 

Dentistry and Pharmaceutical Sciences, Okayama University 
Graduate School of Medicine, Okayama, Japan 

Epidermal keratinocytes provides a rare opportunity for studying 
growth regulation of normal epithelial cells of human origin. We 
previously demonstrated that S100C/A11 is a key mediator for growth 
inhibition of normal human epidermal keratinocytes (NHK) triggered 
by high Ca“ + or TGF/1 On exposure of NHK cells to either agent, 
S100C/A11 is transferred to nuclei, where it induces p21WAFl/CIPl 
through activation of Spl/Sp3. High Ca 2+ activated NFAT1 through 
calcineurin-dependent dephosphorylation. In growing NHK cells, 
KLF16, a member of the Sp/KLF family, hound to the p21WAFl/ 
CIP1 promoter and thereby inhibited the transcription of p21WAFl/ 
CIP1. Spl complexed with NFAT1 in high Ca 2+ -treated cells or with 
Smad3 in TGF/fl-treated cells, but not Spl alone, replaced KLF16 
from the p21WAFl/CIPl promoter and transcriptionally activated the 
p21WAFl/CIPl gene. Furthermore, we showed that Ca 2+ -dependent 
binding of S100A11 to annexin A1 facilitated the binding of the latter 
to cPLA2, resulting in inhibition of cPFA2 activity, which is essential 
for the growth of NHK. On the other hand, S100A11 has been shown 
to be overexpressed in many human cancers. We found that (1) 
S100A11 is actively secreted by NHK, (2) extracellular S100A11 acts 
on NHK to enhance the production of EGF family proteins, resulting 
in growth stimulation, (3) RAGE (receptor for advanced glycation 
endproducts), NFkB, Akt, and CREB are involved in the S100A11- 
triggered signal transduction, and (4) production and secretion of 
S100A11 is markedly enhanced in human squamous cancer cells. 
These findings indicate that S100A11 plays a dual role in growth 
regulation of epithelial cells. 


Interactome of S100 proteins 

Olga Moroz 1,2 and Igor Bronstein 1,2 

'York Structural Biology Laboratory, Department of Chemistry, 
University of York, York, UK 

2 School of Biomedical and Health Sciences, King’s College 
London, London, UK 

The studies of S100 functions were always obscured by redundancy 
and overlapping targets. This situation frustrates biochemists and 
cell biologists in the hunt for understanding the function of indi¬ 
vidual family members. It was also challenging for medical research 
and pharmacology to link a specific SI00 protein to one specific 
disease or pathological condition. Rapid development of Structural 
and Chemical Biology and System Biology should make it possible 
to strongly engage SI00 studies in non-hypothesis driven research, 
where huge amount of data from a wide range of experimental 
technologies could be combined and analysed resulting in discov¬ 
eries that come out from the data, rather from specific experiments 
designed to back up or invalidate given hypotheses. It seems timely 
to establish an International interactome project for S100 protein 
family to explore their functions and therapeutic potential. These 
data should include a comprehensive set of S100 cellular targets, 
and the project should be supported by generation of S100 protein- 
specific renewable affinity reagents, synthetic protein hinders and 
tools for their cellular knockdown and delivery to intra- and 
extracellular compartments. The focus will be made on the inter¬ 
actions dependent on the ability of SI00 proteins to inhibit 
oligomerisation of other proteins with a high-potential therapeutic 


relevance. Some interesting features of existing and far from com¬ 
prehensive S100 interactome include: prevalence of low affinity and 
transient interactions; ability of S100 proteins to interconnect hubs 
(proteins that have many other connections) and also to overlap 
cellular signaling pathways, i.e. interacting with non-muscle myosin, 
p53, growth factors, etc. 


Inflammation-associated S100 proteins: 
new mechanisms that regulate function 

Carolyn L. Geczy, Jesse Goyette, Su Yin Lim, and Kenneth Hsu 

Centre for Infection and Inflammation Research, 

School of Medical Sciences, University of New South Wales, 
Sydney, Australia 

S100A8, S100A9 and S100A12 are constitutively expressed in 
neutrophils and induced in several cell types and are important in 
host defence. S100A12 is a potent mast cell (MC) activator, and 
monocyte and MC chemoattractant. Hydrophobic amino acids 
within the hinge domain (S100A12 38 _ 53 ; I44A, I47A, I53A) are 
essential for function. Cell-surface interaction is unlikely to occur 
via RAGE, but via a G-protein-coupled mechanism. S100A12 did 
not induce cytokines in monocytes/macrophages, but strongly 
induced MC pro-inflammatory cytokines. S100A12 forms com¬ 
plexes with Zn 2+ ; these are evident in human atheroma. By 
chelating Zn 2+ , S100A12 significantly inhibited MMP-2, -3 and -9, 
and using an antibody that specifically recognized the Zn -in 
complex, this co-localized with MMP-9 in foam cells in atheroma. 
S100A8 is a potent oxidant scavenger; gene induction in macro¬ 
phages is dependent on IL-10 and STAT-3, supporting a protective 
role. Mild HOC1 oxidation generates intra-chain sulfinamide bonds; 
stronger oxidation promotes cross-linked forms. The latter are seen 
in human atheroma and S100A8 may protect LDL from oxidation 
because it is ~ 200-fold more sensitive to oxidation. S100A8 and 
S100A9 are readily S-nitrosylated. S100A8-SNO suppressed MC 
activation and inflammation in the rat mesenteric microcirculation. 
S100A8-SNO is relatively stable and S-nitrosylates hemoglobin, 
making it a potential NO transporter that could regulate vessel tone 
in inflammatory lesions. In summary, S100A12 has pro-inflamma¬ 
tory properties that are likely stable in an oxidative environment, 
because of its lack of Cys and Met residues. On the other hand, 
S100A8 oxidation and S-nitrosylation may be important in reso¬ 
lution of inflammation. 


S100B: a pluripotent regulator of cardiac 
remodeling in disease 

Thomas G. Parker 

Li Ka Shing Knowledge Institute, St. Michael’s Hospital, 

University of Toronto, ON, Canada 

S100 proteins, a subfamily of EF-hand calcium-binding proteins, 
have putative roles in regulating cellular metabolism, growth, and 
differentiation with expression associated with human disease. 
S100B is a canonical member of this family with diverse, cell 
lineage-dependent signal transduction pathways, involving calcium- 
dependent binding to protein kinase substrates and intracellular 
effector protein targets, and cellular secretion to exert receptor- 
mediated extracellular effects, in part, by binding to the cell surface 
receptor for advanced glycation end-products (RAGE). RAGE 
ligands are implicated in the vascular response to injury and 
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diabetes mellitus. S100B basal expression is restricted to glial and 
neuronal cells but anomalously expressed in myocardium following 
myocardial infarction in humans and coronary artery ligation and 
hemodynamic load in rats. Forced expression of S100B in cardiac 
myocyte cultures and in transgenic mice, prevents the development 
of hypertrophy and the associated activation of “fetal” jS-myosin 
heavy chain (MHC) and skeletal a-actin, by inhibiting a-adrenergic 
and protein kinase C-dependent signaling pathways. S100B induc¬ 
tion post-infarction modulates the complex hypertrophic, apoptotic, 
and gene expression components of left ventricular remodeling with 
implications for function and survival; extracellular S100B induces 
dose-dependent cardiac myocyte apoptosis distinct from intracellular 
inhibition of PKC signaling; and intracellular S100B colocalizes 
with other S100 proteins in cardiac myocytes but confers distinct 
phenotypic consequences. Taken together these observations not 
only demonstrate a role for S100B in cardiac disease but also define 
cardiac muscle as an attractive model for the study of both physi¬ 
ologic consequences of S100 proteins and their mechanisms of 
action. 


S100A7 (psoriasin) and S100A15 (Koebnerisin) 
are almost identical in sequence but highly distinct 
in function: implications for disease pathogenesis 

Ronald Wolf 1 , O.M. Zack Howard 2 , Hui-Fang Dong 3 , 

Christopher Voscopoulos 1 , Karen Boeshans 4 , Jason Winston 1 , 

Rao Divi 1 , Michele Gunsior 5 , Paul Goldsmith 5 , Bijan Ahvazi 4 , 
Triantafyllos Chavakis 6 , Joost Oppenheim 2 , and Stuart H. Yuspa 1 

'Laboratory of Cancer Biology and Genetics, Center for Cancer 
Research, National Cancer Institute, Bethesda, MD, USA 
laboratory of Molecular Immunoregulation, Center for Cancer 
Research, National Cancer Institute-Frederick, MD, USA 
3 SAIC Frederick, Division of Basic Sciences and Cellular 
Immunology, National Cancer Institute-Frederick, MD, USA 
4 X-ray Crystallography Facility, NIAMS, National Institutes 
of Health, Bethesda, MD, USA 

5 Antibody and Protein Purification Unit, Center for Cancer 
Research, National Cancer Institute, Bethesda, MD, USA 
6 Experimental Immunology Branch, Center for Cancer Research, 
National Cancer Institute, Bethesda, MD, USA 

Overexpression of the hSIOO protein of the A7 type (hS100A7, 
psoriasin) in inflammatory diseases such as psoriasis has functional 
implications for disease pathogenesis. The highly homologous 
hS100A15 (Koebnerisin, >90% sequence identity) was recently 
identified as similarly upregulated in inflamed psoriatic skin. 
However, the biological impact of the co-expression of these clo¬ 
sely related genes remains undefined. By generating specific 
antibodies, we demonstrate that hS100A7 and hS100A15 are dif¬ 
ferentially expressed in specific cell types of human skin. Both 
proteins are chemoattractants but differ in their chemotactic activity 
towards specific leukocyte subtypes. Furthermore, hS100A7 and 
hS100A15 stimulate chemotaxis through activation of different 
classes of receptors. hS100A7 but not hS100A15 binds and directly 
mediates chemotaxis through the pattern recognition receptor 
RAGE (receptor of advanced glycated end products) in both in 
vitro chemotaxis assays and in vivo in mouse models. hS100A7- 
RAGE binding, signaling and chemotaxis are zinc-dependent in 
vitro, reflecting the zinc-mediated changes in the hS100A7 dimer 
structure. In vivo, chemotaxis is potentiated by combined treatment 


with hS100A7 and hS100A15. Thus, the evolutionary recent 
duplication of hS100A7/hS100A15 produced biological diversifica¬ 
tion by which their independent actions through distinct receptors 
regulate physiological functions but potentiate their proinflamma- 
tory activities in disease. 


Circulating S100A12: a novel player 
in atherosclerosis? 

Jens Pietzsch 

Department of Radiopharmaceutical Biology, 

Institute of Radiopharmacy, Research Center 
Dresden-Rossendorf, Dresden, Germany 

S100A12 is a member of the S100 family f EF-hand calcium-binding 
proteins. Besides calcium binding S100A12 also shows high affinity 
for zinc and copper ions. Extracellular S100A12 is predominantly 
secreted by granulocytes and monocytes and is part of the innate 
immune response. S100A12 is markedly overexpressed in inflam¬ 
matory compartments, and elevated serum levels of S100A12 are 
found in patients suffering from various inflammatory and metabolic 
disorders. In this regard, binding of copper by S100A12 is assumed to 
play a pathogenic role. In vitro experiments show that copper-bound 
S100A12 can function as a pro-oxidant agent by supporting both 
copper reduction and copper redox-cycling, respectively. As a con¬ 
sequence, copper-bound S100A12 significantly enhances and 
accelerates oxidation of human low density lipoprotein lipids and 
apolipoproteins, respectively. Furthermore, copper-bound S100A12 
stimulates proinflammatory activation of endothelial cells, granulo¬ 
cytes, and monocytes. These processes were substantially suppressed 
in the presence of redox-inert copper-chelating or radical-scavenging 
agents. Clinical examinations show significantly elevated plasma 
S100A12 levels in subjects with impaired glucose tolerance, newly- 
diagnosed diabetes mellitus Type 2, and acute rheumatoid arthritis 
(1.5- to 3-fold higher than in control subjects). In the patient groups, 
plasma S100A12 is strongly associated with plasma markers of both 
LDL oxidation and inflammation, and, additionally, with ultrasoni- 
cally measured carotid atherosclerosis. It is suggested that oxidation 
processes mediated by copper-bound S100A12 are involved in 
accelerated atherogenesis in several proinflammatory states. 
Acknowledgments: Supported by Deutsche Forschungsgemeinschaft 
(Pi 304/1-1) 


S100P regulation and function in cancer 

Adriana Gibadulinova 1 , Veronika Tothova 1 , Seppo Parkkila 2 , 
Jaromir Pastorek 1 , and Silvia Pastorekova 1 

'Centre of Molecular Medicine, Institute of Virology, Slovak 

Academy of Sciences, Bratislava, Slovakia 

institute of Medical Technology and School of Medicine, 

Tampere University and University Hospital, Tampere, Finland 

S100P is an EF-hand calcium-binding protein that was originally 
identified in placenta and subsequently linked to cancer. It is a 
member of S100 family of proteins functioning as extracellular and/or 
intracellular regulators of diverse cellular processes and contributing 
to various human pathologies. S100P expression was detected in a 
range of human tumor cell lines and tissues, particularly those derived 
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from breast, prostate, pancreas and colon, where it was connected 
with malignant phenotype, hormone independence and resistance to 
chemotherapy. In line with these observations, forced overexpression 
of S100P was shown to promote tumorigenesis in prostate, breast and 
cervical cancer models. Functional studies of S100P indicate that it 
operates either via intracellular interaction with ezrin, leading to 
increased cell migration, or via extracellular signaling through RAGE 
receptor, resulting in increased proliferation and survival. Molecular 
mechanisms regulating expression of S100P in cancer cells are just 
starting to emerge. Besides earlier described DNA methylation, recent 
studies revealed involvement of bone morphogenic protein and non¬ 
steroidal anti-inflammatory drugs in control of S100P expression 
during tumor progression. We performed functional analysis of S100P 
promoter and identified SMAD, STAT/CREB and SP/KLF binding 
sites as key regulatory elements participating in transcriptional acti¬ 
vation of S100P gene in cancer cells. Moreover, our latest data reveal 
that expression of S100P is up-regulated by activation of glucocor¬ 
ticoid receptor suggesting that S100P could play a role in therapy 
resistance mediated by glucocorticoids in solid tumors. 


Coexpression and nuclear colocalization 
of metastasis-promoting protein S100A4 and p53 
without mutual regulation in colorectal carcinoma 

Gisle Berge 1 , Daniela Elena Costea 2 , Marianne Berg 3 ' 4 , 

Heidi Rasmussen 1 , Ragnhild A. Lothe 3, , 

Gunhild M. Maelandsmo 1 , and Kjersti Flatmark 1 

'Department of Tumor Biology, Institute for Cancer Research, 

The Norwegian Radium Hospital, Oslo University Hospital, 
Montebello, Oslo, Norway 

2 Section of Pathology, The Gade Institute, University of Bergen, 
Bergen, Norway 

department of Cancer Prevention, Institute for Cancer Research, 

The Norwegian Radium Hospital, Oslo University Hospital, 
Montebello, Oslo, Norway 

4 Centre for Cancer Biomedicine, University of Oslo, Oslo, Norway 

Nuclear localization of the metastasis associated protein S100A4 has 
been shown to correlate with advanced disease stage in primary 
colorectal carcinomas (CRC), but nuclear function and its relevance for 
the metastatic capacity of tumor cells is still unclear. Among several 
nuclear interacting protein partners suggested for S100A4, the tumor 
suppressor protein p53 has attracted particular interest, and previous 
studies suggest direct and indirect modes of interaction between the 
two proteins. The present study was undertaken to assess coexpression 
and potential interaction in CRC. TP53 mutational status and S100A4 
expression were investigated in a selected series of primary CRC 
specimens (n = 40) and cell lines (n = 17) using DNA sequencing, 
western blot, and double immunostaining. Additionally, S100A4 and 
p53 were experimentally up and down regulated in vitro to assess 
reciprocal effects. For the first time, S100A4 andp53 coexpression was 
demonstrated in individual CRC cells, with nuclear colocalization as a 
particularly interesting feature. In contrast to previous studies, no 
correlation was observed between TP53 mutational status and S100A4 
expression, and no evidence was obtained to support reciprocal regu¬ 
lation between the two molecules in the HCT116 isogenic cell line 
model. In conclusion, S100A4 and p53 were shown to be colocalized in 
individual nuclei of CRC cells, and it might be speculated whether the 
proteins interact in this subcellular compartment. 


New insights on the role of zinc-calcium interplay 
in structure and function of human S100A12 

O. V. Moroz 1 , E. V. Blagova 1 , A. J. Wilkinson 1 , K. S. Wilson 1 , 
and I. B. Bronstein 2 

'Structural Biology Laboratory, Chemistry Department, 

University of York, York, UK 

2 School of Biomedical and Health Sciences, King’s College 
London, London, UK 

Human S100A12 has a role in inflammation and host parasite 
responses, and is linked to major diseases such as diabetes, cystic 
fibrosis and atherosclerosis. Like several other S100 proteins, 
S100A12 binds zinc in addition to calcium. Zinc binding to 
S100A12 enhances the calcium affinity by a factor of 1500. Pre¬ 
vious studies on the S100A12 interactions with one of its receptors 
RAGE (the receptor for the advanced glycation end products) show 
that calcium and zinc dependent oligomerization is essential for 
target recognition by S100A12. Previously we reported the struc¬ 
tures of human S100A12 in both low (dimeric) and high 
(hexameric) calcium forms, and in addition that of a complex with 
copper and calcium. Here we present the X-ray structures of 
S100A12 in the absence of metals (apo form) and in complex with 
zinc in the absence of calcium. The latter structure is the first of a 
‘zinc-only’ S100 protein complex. The structure explains the 
influence of zinc on the calcium affinity of S100A12 and allows a 
model to be proposed for metal-dependent protein oligomerization. 
We also reveal through an in vitro binding assay an important role 
for both zinc and calcium in S100A12’s interaction with paramy- 
osin, its target from the tropical parasites Onchocerca volvulus and 
Brugia malayi. 


Steps towards a systems biology 
of the neuron 

Principles of computational modeling 
of neuromolecular mechanisms in mental disorders 

Felix Tretter 

Klinikum Miinchen-Ost, Isar-Amper-Klinikum gemeinniitzige 
GmbH i.G., Haar, Germany 

Some psychiatric syndromes can be interpreted as a hyper- or hypo- 
or dysfunction of mental functions. For instance, in schizophrenia 
working memory (WM) is instable. Instability implies distractibility, 
meinaing that low filtering and suppression functions can be per¬ 
formed by the network. Additionally it is known by animal 
experiments and drug abuse that dopamine (DA) can modulate the 
WM function. As schizophrenia is related to a hyperfunction of DA 
transmission, the weak WM function can be explained by high DA. In 
order to study this concept, computer based simualtions can help to 
understand the chemical mechanisms of pathological WM. In addi¬ 
tion, the cellular and subcellular molecular mechanisms are already 
studied regarding schizophrenia. 

The presentation will demonstrate the research program of systems 
biology of mental disorders. 
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Considerations in gene expression profiling: 
experiment and analysis 

David Kreil 

Chair of Bioinformatics, Boku University Vienna, 

Vienna, Austria 

The talk discusses the potential role of quantitative expression profiling 
in the quest for an improved understanding of complex systems. Current 
conceptual and statistical challenges in the design and analysis of 
experiments for the study of gene expression profiles are presented. 
Both the impact of platform characteristics and questions of high-level 
inference will be discussed using selected examples from biomedical 
research. 

Molecular systems behind large datasets obtained 
from microarrays: help form computational 
approaches 

P. J. Gebicke-Haerter 1 , A. Schmitt 2 , V. A. Smith 3 , 
and F. Matthaus 4 

'Central Institute of Mental Health, Mannheim, Germany 
department of Psychiatry, University of Gottingen, 

Gottingen, Germany 

3 University of St Andrews, School of Biology, St Andrews, UK 
4 Center for Modeling and Simulation in the Biosciences, 

University of Heidelberg, Heidelberg, Germany 

Typically, large datasets are obtained from microarray experiments. 
Tables of hundreds of differentially regulated genes may be put in 
alphabetical order or clustered into functional groups. Both strategies 
do not provide any clues as to what specific molecular interactions are 
compromised in the conditions of interest. Disturbances occurring in 
any disease principally affect the functioning of molecular networks. 
Therefore, those differentially regulated genes have to be viewed as 
components of molecular networks in three-dimensional space. This 
way of thinking is no problem, when only a few genes surface and 
their functions are well known. Larger numbers of genes make that 
task prohibitively difficult and confusing, and can only be dealt with 
by computational means. Some examples of how to process micro- 
array data to eventually gain more detailed insights into disturbances 
of molecular biological networks will be presented. 

Structure and function of excitatory 
amino acid receptors 

Voltage clamp fluoremetry and GABA a receptors 

Weiss David 

UT Health Science Center, San Antonia, TX, USA 

Structure-function studies of the Cys Loop family of ionotropic neuro¬ 
transmitter receptors (GABA, nACh, 5-HT 3 , and glycine receptors) have 
resulted in a six-loop (A-F) model of the agonist binding site. Key amino 
acids have been identified in these loops that associate with, and stabilize, 
bound ligand. The next step is to identify the structural rearrangements 
that couple agonist binding to channel opening. To address this issue, we 
have been using a technique known as Site-Specific Fluorescence 
Spectroscopy. In this approach, environmentally-sensitive fluorophores 


are attached to defined locations on the GABAa receptor. Structural 
changes around that fluorophore, if they occur, are observed as changes in 
fluorescence intensity. These fluorescence measurements are carried out 
in concert with two-electrode voltage clamp in order to assess the level of 
receptor activation. Using this general approach, we have identified 
rearrangements in the agonist binding site and are gaining insight into 
how these structural arrangements ultimately lead to the open (ion con¬ 
ducting) state of the GABAa receptor. 


Ion-dependent gating of kainate receptors 

Derek Bowie 

Department of Pharmacology andTherapeutics, 

McGill University, Montreal, Canada 

In the vertebrate brain, ligand-gated ion channels are an important class 
of signaling protein designed to respond to a specific chemical neuro¬ 
transmitter such as acetylcholine, L-glutamate (l-G1u), glycine, or 
GABA. Although neurotransmitter substances are numerous, all ligand¬ 
gated ion channels are thought to undergo conformations into the 
activated state by harnessing the energy from neurotransmitter binding. 
In this talk, I will review recent findings from my lab and others showing 
that kainate (KA)-selective ionotropic glutamate receptors (iGluRs) 
require not only the neurotransmitter, l-G1u but also external sodium 
and chloride ions for activation. Interestingly, AMPA-type iGluRs 
function normally in the absence of external ions, revealing that even 
closely related iGluR subfamilies operate by distinct gating mecha¬ 
nisms. This behavior is interchangeable via a single amino acid residue 
that operates as a molecular switch to confer AMPA receptor behavior 
onto KARs. Regulation is achieved via functionally-coupled cation and 
anion binding pockets that constitute a novel gating feature that singles 
out KARs from all other ligand-gated ion channels. It is still unclear 
how external ions evolved as co-activators of KARs. Interestingly 
however, genomes of C. elegans and C. briggsae contain primitive 
iGluR-like sequences that are more akin to AMPA receptors. It is 
therefore tempting to speculate that the gating mechanism of KARs 
evolved from an ancestral iGluR protein that behaved more like AM- 
PARs. I will speculate on how tracing the evolutionary origin of iGluR 
gating may provide insight into the possible physiological role that 
external ions play in regulating KAR function in the vertebrate CNS. 


AMPA Receptors and TARPs 

James R. Howe 

Department of Pharmacology, Yale University School 
of Medicine, New Haven, CT, USA 

Stargazin and related TARPs (fransmembrane AMPA receptor regu¬ 
latory proteins) are auxiliary subunits of neuronal AMPA receptors. In 
addition to their role in receptor surface expression and synaptic 
localization, TARPs also have significant effects on AMPA receptor 
gating. TARPs slow both deactivation and desensitization by increasing 
the rate constant for channel opening. TARPs also increase kainate 
efficacy and speed recovery from desensitization. TARP modulation of 
receptor kinetics is isoform-specific, being greatest for the TARP iso¬ 
forms y-4 and y-8. Rescuing synaptic transmission in cerebellar granule 
cells from stargazer mice with different TARP isoforms results in iso¬ 
form-specific differences in the decay of miniature EPSCs. The slowing 
of deactivation and desensitization is mediated by isoform-specific 
sequence elements within the first extracellular loop of TARPs, whereas 
other TARP domains appear to be involved in modulation of recovery. 
Comparison of stargazin modulation of receptor kinetics in co- 
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expression experiments with the corresponding results obtained with a 
tandem construct in which the C terminus of AMPA receptors is directly 
fused to the N terminus of stargazin indicate that glutamate-induced 
desensitization causes the rapid and reversible loss of stargazin mod¬ 
ulation of gating. The glutamate-induced loss of stargazin-receptor 
interactions affects the response of neurons to pairs of stimuli applied at 
short intervals and may be a mechanism to minimize excitotoxicity 
when ambient levels of glutamate are elevated. 

How clamshell-like domains control NMDA 
receptor activity? 

Pierre Paoletti 

Laboratoire de Neurobiologie, CNRS, Ecole Normale Superieure, 
Paris, France 

NMDA receptors (NMDARs) are glutamate-gated ion channels that 
play key roles in synaptic physiology and various brain disorders. 
NMDARs exist as multiple subtypes with distinct pharmacological and 
biophysical properties that are determined by the type of NR2 subunit 
(NR2A-D) incorporated in the heteromeric NR1/NR2 complex. Among 
the most striking features that distinguish NMDAR subtypes is their 
maximal channel open probability (Po). While NR2A-containing 
receptors have a relatively high Po (0.5), NR2B-containing receptors 
are significantly less active (0.1), and NR2C- and NR2D-containing 
receptors open even more rarely (0.01). By conferring unique charge 
transfer capacities on each receptor subtype, these differences in Po are 
thought to be crucial in determining the involvement of NMDAR 
subtypes in specific neuronal processes. We aimed at identifying the 
molecular mechanisms accounting for these profound differences in 
NMDAR activity. Surprisingly, we find that the subunit-specific gating 
of NMDARs does not originate from the basic gating core module—the 
agonist-binding domains (ABDs) plus the pore region—but rather from 
the distal N-terminal region. This region, which encompasses the NR2 
extracellular clamshell-like N-terminal domain (NTD) and the short 
NTD-ABD linker, was previously shown to bind allosteric modulators. 
We now show that, in the absence of any allosteric ligand, the NR2- 
NTD is capable of spontaneous oscillations between a closed- and an 
open-cleft conformation, and that differences in this conformational 
equilibrium within the NR2 family largely determine the subtype 
specificity of NMDAR Po. In conclusion, our data reveal how the NR2- 
NTDs create functional diversity in NMDARs. 


When and why amino acids? 

Kresimir Kmjevic 

Physiology Department, McGill University, Montreal, 

PQ, Canada 

That some amino acids operate as synaptic transmitters in the vertebrate 
CNS was a great surprise when first suggested 50 years ago. It should 
not have been. Both glutamate and GABA were later found to be 
intercellular messengers, throughout the animal kingdom (and indeed 
many plants, and even protozoa). Glutamate is a very common amino 
acid—a major constituent of proteins—and produced by several met¬ 
abolic pathways. Being highly flexible and strongly (negatively) 
charged, it can bind to different receptor sites in a variety of configu¬ 
rations: these are optimal properties for a protean messenger, able to 
convey signals to different membrane receptors. So why, in vertebrates 
is it almost exclusively an excitatory transmitter? Would it not be 
simpler to have a single synaptic transmitter, capable of binding to 
inhibitory and excitatory receptors? This solution has not been generally 


adopted. Excitation is generated by glutamate-induced Na + and Ca 2+ 
influx; and inhibition by GABA- or glycine-induced Cl- influx. There 
must have been some advantage in having separate agents, released by 
different cells: probably greater flexibility in circuit design and opera¬ 
tion, especially of the inhibitory systems, which are notoriously subject 
to modulation by endogenous factors or by drugs. Through regulated 
changes in internal [Cl], the activation of Cl- channels may paradoxi¬ 
cally be excitatory: during early development: excitation by precocious 
GABAergic transmission is an important stimulus for neuronal and 
synaptic growth and functional maturation. Such Cl- efflux-mediated 
depolarization is retained at certain sites where GABA or glycine 
modulates transmitter release from glutamatergic terminals. 


Sulfur- and seleno-containing amino 
acids 

Cysteine dioxygenase: from molecule to mouse 

M. H. Stipanuk, I. Ueki, H. B. Roman, and L. L. Hirschberger 

Division of Nutritional Sciences, Cornell University, Ithaca, 

NY, USA 

Cysteine catabolism in mammals may occur by either cysteinesulfinate- 
independent or cysteinesulfinate-dependent pathways. The cysteine- 
sulfinate-dependent pathway is initiated by the oxidation of cysteine to 
cysteinesulfinate by cysteine dioxygenase (CDO), an enzyme that adds 
molecular oxygen to the sulfur of cysteine, converting the thiol to the 
sulfinic acid; it is very low in liver of animals fed low protein diets but 
increases markedly within 24 h of an increase in either the protein or 
sulfur amino acid content of the diet. CDO is one of the most highly 
regulated metabolic enzymes responding to diet that is known. It 
undergoes up to 45-fold changes in concentration, via cysteine- 
responsive regulation of its ubiquitination and degradation by the 26S 
proteasome, and up to 10-fold changes in catalytic efficiency, as a 
consequence of turnover-associated thioether hond formation between 
active-site cysteine and tyrosine residues. This provides a remarkable 
responsiveness of the cell to changes in sulfur amino acid availability: 
the ability to decrease CDO activity and conserve cysteine when cys¬ 
teine is scarce and to rapidly increase CDO activity and catabolize 
cysteine to prevent cytotoxicity when cysteine supply is abundant. CDO 
in both liver and adipose tissues responds to changes in dietary intakes 
of protein and/or sulfur amino acids over a range that encompasses the 
requirement level, suggesting that cysteine homeostasis is very 
important to the living organism. CDO-null mice had markedly reduced 
liver and plasma taurine levels (<5% of control), demonstrating the 
dominant role played by the CDO-mediated pathway in taurine pro¬ 
duction and taurine status, even in mice receiving taurine in the dam’s 
milk or in the nonpurified diet. 

Hydrogen sulfide as a signal molecule 
as well as a neuroprotectant in the brain 

Hideo Kimura 

National Institute of Neuroscience, National Center of Neurology 
and Physichiatry, Kodaira, Tokyo, Japan 

Hydrogen sulfide (H 2 S) is a synaptic modulator as well as a neuro¬ 
protectant in the brain. Cystathionine /8-synthase (CBS) and 
3-mercaptopyruvate sulfurtransferase (3MST) produce H 2 S from 
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cysteine in the brain. CBS is mainly expressed in astrocytes, while 
3MST in neurons. H 2 S selectively enhances the NMD A receptor- 
mediated responses and facilitates the induction of hippocampal long¬ 
term potentiation (LTP), a synaptic model of memory and learning. In 
astrocytes, H 2 S increases the intracellular concentrations of Ca 2+ that 
propagate into neighboring astrocytes as Ca 2+ waves. Neuronal 
activity evokes glial Ca 2+ waves, and glial Ca 2+ waves drive neuronal 
activity. These observations show that H 2 S can act as a signal mole¬ 
cule in the brain. We recently showed that H 2 S protects neurons from 
oxidative stress by increasing the levels of glutathione (GSH), a major 
cellular antioxidant. H 2 S reduces cystine into cysteine in the extra¬ 
cellular space, and enhances the transport of cysteine to increase GSH 
production in addition to the direct transport of cystine. The efficiency 
of GSH production enhanced by H 2 S is even greater by four-fold under 
oxidative stress by glutamate. H 2 S also causes the distribution of GSH 
to mitochondria more efficiently than jS-me. Cells expressing enzymes 
involved in H 2 S production are significantly resistant to oxidative 
stress. The present study shows that H 2 S protects cells from oxidative 
stress and that cystine produced by reducing cystine by H 2 S is effi¬ 
ciently transported and used to produce GSH. It provides a new 
mechanism of neuroprotection from oxidative stress by H 2 S. 

A novel thioredoxin-dependent redox-sensing switch 
in mercaptopyruvate sulfurtransferase 

Noriyuki Nagahara 

Environmental Medicine, Nippon Medical School, Bunhyo-ku, 
Tokyo, Japan, noriyuki@nms.ac.jp 

Rat 3-mercaptopyruvate sulfurtransferase (MST) possesses two thio¬ 
redoxin-dependent redox-sensing switches for the regulation of the 
enzymatic activity. These switches are connected with redox change of 
each specific cysteine residue. MST contains three exposed cysteines; a 
catalytic site cysteine, Cys 247 in the active site, and Cys 154 and Cys 263 
on the surface of MST. Cys 247 is a target of oxidants and a stoichiom¬ 
etric concentration of hydrogen peroxide inhibited MST. The activity 
was completely restored by dithiothreitol or thioredoxin with a reducing 
system containing thioredoxin reductase and NADPH, but glutathione 
did not restore the activity. Further, a MALDI-TOF mass spectrometric 
analysis revealed that mild oxidation of MST resulted in formation of a 
sulfenate (SO ) at Cys 247 , which exhibited a lower redox potential than 
that of glutathione. It is concluded that a low redox potential cysteine- 
sulfenate is reversibly formed at a catalytic site cysteine so as to inhibit 
MST, and thioredoxin-dependent reduction of the sulfenate restores the 
MST activity. Recently we found that MST had monomer-dimer 
equilibrium and that MST was oxidized to form an intersubunit disul¬ 
fide bond between Cys 154 and Cys 154 , Cys 154 and Cys 263 , and Cys 263 
and Cys 263 so as to decrease MST activity, and thioredoxin-specific 
conversion of a dimer to a monomer increased MST activity. It is 
concluded that an intersubunit disulfide bond in a dimeric MST also 
serves as a thioredoxin-dependent redox-sensing switch for the regu¬ 
lation of the enzymatic activity of MST. 

Reduced sulfur in the plant cell: enzymatic 
formation and functional roles 

Sebastian Guretzki, Melina Henne, Andrea Bartels, 

Tiziana Triulzi, and Jutta Papenbrock 

Institut fur Botanik, Leibniz Universitat Hannover, 

Hannover, Germany 

Sulfur can be found in several oxidation states in the cell, either in the 
free form or as part of organic molecules. This paper describes 


exemplarily the diverse reactions and putative functions of members 
of one protein family involved in the transfer of reduced sulfur. The 
rhodanese/sulfurtransferase (Str) superfamily (Pfam Acc. No. 
PF00581) is widely distributed in archaea, eubacteria, and eukaryote. 
Members of this family catalyze the transfer of a sulfur atom from 
suitable sulfur donors to nucleophilic sulfur acceptors. To identify 
putative in vivo substrates a number of compounds have been tested 
in in vitro assays using several purified recombinant Str proteins from 
Arabidopsis thaliana in different kinds of enzymatic analyses. Con¬ 
formational analysis done indicate the catalysis of larger molecules, 
such as proteins, as substrates for some of the Str analyzed. Bio¬ 
chemical data and bimolecular fluorescence complementation 
demonstrate in vitro and in vivo interaction of specific Str with spe¬ 
cific thioredoxins in a compartment-dependent way. These findings 
and the fact that the expression of various Str is induced by different 
stress factors let us hypothesize that Str may be involved in the 
maintenance of the cellular redox homeostasis. 


Searching for a functional role of the Azotobacter 
vinelandii sulfurtransferase RhdA: from sulfur 
delivery protein to “antioxidant” protein 

Fabio Forlani, Angelo Cereda, William Remelli, 
and Silvia Pagani 

Dipartimento di Scienze Molecolari Agroalimentari, 

Universita di Milano, Via Celoria 2, 20133 Milano, Italy 

The ubiquitous rhodanese-domain proteins in vitro catalyse the transfer 
of a sulfur atom from a suitable sulfur donor (thiosulfate for rhodaneses, 
3-mercaptopyruvate for 3-mercaptopyruvate sulfurtransferases) to 
cyanide, with concomitant formation of thiocyanate. The wide distri¬ 
bution of these proteins (PFAM acc. no.: PF00581), along with the 
presence of paralogs in the majority of organisms, corroborate the 
hypothesis that they evolved distinct physiological functions. In Azo¬ 
tobacter vinelandii the tandem-domain rhodanese RhdA contains an 
active-site motif (HCQTHHR) that supports the stabilization of the 
persulfurated form (RhdA-SSH). The A. vinelandii cysteine desulfu- 
rases, IscS and NifS, can in vitro mediate the production of RhdA-SSH, 
in the presence of free L-cysteine as substrate, thus making interesting 
investigations on the role of the sulfane sulfur bound to RhdA-SSH in 
driving its in vivo functions. Moreover, the picture that has emerged 
from the phenotypic characterization of an A. vinelandii RhdA null 
mutant strain indicated that RhdA might trigger protection to oxidative 
events since the lack of RhdA led to an increased amount of reactive 
oxygen species (ROS), and growth impairment in the presence of a 
chemical oxidant (phenazine methosulfate). 


Sulfurtransferase and apoptosis induction 
by natural ally sulfane sulfur compounds: effects 
on the intracellular detoxification and redox systems 

Sonia Melino 1 , Renato Sabelli 1 , Egidio Iorio 2 , 

Ridvan Nepravishta 1 , Franca Podo 2 , and Maurizio Paci 1 

'Department of Sciences and Chemical Technologies, University 
of Rome “Tor Vergata”, Italy 

department of Cellular Biology and Neurosciences, Istituto 
Superiore di Sanita, Rome, Italy 

Thiosulfate-sulfurtransferase (TST) is an enzyme widely distributed 
in all phyla, involved in the biogenesis of iron-sulfur cluster, in the 
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cyanide detoxification system and related to the regulation of sulfane 
sulfur metabolism. However, its biological function is not com¬ 
pletely understood and recently, the low activity and/or expression 
of rhodanese have been also related to the onset of diseases and 
tumours. The induction of programmed cell death by natural sulfane 
sulfur compounds (OSCs) opens significant questions concerning the 
role in the cancerogenesis process of the enzymes, such as TST, 
involved in their metabolism. Garlic-derived OSCs such as diallyl 
disulfide, diallyl trisulfide, allicin and more recently the sodium 2- 
propenyl thiosulfate (2-PTS) have been shown to suppress the pro¬ 
liferation of tumor cells through the apoptosis induction. The 
biochemical mechanisms underlying the antitumorigenic and anti¬ 
proliferative effects of these OSCs are not yet fully understood, 
although it seems likely that the rate of clearance of allyl sulfur 
groups from cells is a determinant of the overall response. Not all 
cells are equally susceptible to the deleterious effects of the garlic 
sulfur compounds and, in particular, non-neoplastic cells tend to be 
less susceptible probably due to a different expression or activity of 
the enzymes involved in their metabolism, such as TST. We 
investigated the effects of 2-PTS on the detoxification and endoge¬ 
nous antioxidant systems in HuT-78 tumor cells and through in vitro 
interaction studies. Our results promote an involvement of the 
essential rhodanese-thioredoxin-thioredoxin reductase system in the 
antiproliferative effects of organo-sulfane sulfur compounds in the 
tumor cells and, further, suggest a relevant role of the GSH in the 
anti-proliferating effect of the 2-PTS. 


Cysteine S-conjugate /?-lyases 

Arthur J. L. Cooper, Boris F. Krasnikov, and John T. Pinto 

Department of Biochemistry and Molecular Biology, 

New York Medical College, Valhalla, NY, USA 

Many exogenous and some endogenous electrophiles are metabo¬ 
lized/detoxified to mercapturates: electrophile —> glutathione S- 
conjugate —> cysteinylglycine S-conjugate -> cysteine S-conjugate 
/V-acetyl cysteine S-conjugate (mercapturate) -> excretion. 
However, if the electrophile contains an electron-withdrawing group, 
the cysteine S-conjugate intermediate may undergo a /i-lyase-cata- 
lyzed ^-elimination reaction: cysteine S-conjugate + HjO —> 
pyruvate + NFU + + mercaptan (RSH). Several pyridoxal 5’-phos- 
phate (PLP)-dependent enzymes, including glutamine transaminase K 
(GTK), catalyze cysteine S-conjugate /1-Iyase reactions. In mammals, 
the resultant mercaptan may be detoxified by S-methylation (thio- 
methyl shunt), S-oxidation or S-glucuronidation, and excreted. 
However, if the mercaptan is highly reactive, the mercapturate/cys- 
teine S-conjugate /i-lyase pathway may result in toxification. 
Halogenated alkenes and possibly the anti-cancer drug, cisplatin, may 
be bioactivated in this manner. The anti-cancer drug busulfan is 
metabolized in part through the /?-lyase pathway, but the eliminated 
fragment is a thioether rather than a mercaptan. Selenocysteine Se- 
conjugates are excellent aminotransferase and [}-lyase substrates of 
GTK. The propensity of PLP-enzymes to catalyze ^-elimination 
reactions might be useful in the design of cysteine S- and seleno¬ 
cysteine Se-conjugate prodrugs. Several disulfide-containing cysteine 
S-conjugates in allium foods are substrates of mammalian cysteine S- 
conjugate /i-lyases. The eliminated products are persulfides (RSSH) 
that exhibit excellent antioxidant potential. Finally, cysteine S-con¬ 
jugate /i-Iyase reactions give rise to odorants, flavorings and 
fragrances in such disparate sources as perspiration, wines and plants. 
In conclusion, the mercapturate/cysteine S-conjugate /i-lyase pathway 
occasionally may be detrimental by generating toxicants, but its 
ubiquity in nature and diversity of potential substrates can provide 
biologically useful thiols, persulfides and selenols. 


Products of organoselenium (Se)-conjugates 
obtained by action of /?- and y-lyases, L-amino acid 
oxidase and aminotransferase(s) are 
chemopreventive 

John T. Pinto 1,2 , Jeong-In Lee 1 ' 2 , Raghu Sinha 1 ' 2 , 
and Arthur J. L. Cooper 1,2 

'Department of Biochemistry and Molecular Biology, New York 
Medical College, Valhalla, New York, USA 
department of Biochemistry and Molecular Biology, 

Penn State College of Medicine, Hershey, PA, USA 

Chemopreventive studies on selenoamino acids have focused on their 
incorporation into antioxidative selenoproteins. Recent studies show 
that non-protein selenomethionine and the 21 st-coded amino acid, 
selenocysteine, also have anti-cancer properties. The biochemical 
mechanisms that contribute to their chemoprotective effects involve 
transformations catalyzed by [i- and y-lyases, L-amino acid oxidase, 
and/or aminotransferases. Some enzymes containing pyridoxal 5'- 
phosphate (PLP) catalyze [>- or y-lyase reactions with methylseleno- 
cysteine (MSC) and selenomethionine (SM), respectively, resulting in 
generation of an a-keto acid, ammonium and methylselenol. Chemo¬ 
preventive activity of methylselenol may act through the oxidation of 
thiol moieties on redox-responsive signal proteins and transcription 
factors, thereby maintaining a non-proliferative intracellular environ¬ 
ment. Several aminotransferases catalyze /1-elimination reactions with 
Se-conjugates as a result of the strong electron-withdrawing properties 
of selenium, but competing transamination can ensue providing a keto 
acid co-substrate is present or PLP coenzyme is replenished. Human 
glutamine transaminase K catalyzes transamination and f }-lyase reac¬ 
tions with MSC but not with SM. After transamination of MSC, the 
resultant methylselenolpyruvate (MSP) increases histone-H3 acetyla¬ 
tion in human prostate and colon cancer cells. MSP and the a-keto acid 
product of SM, a-keto-y-methylselenobutyrate (KMSB) resemble 
butyrate, an inhibitor of histone deacetylase (HDAC). L-Amino acid 
oxidase converts MSC and SM to MSP and KMSB, respectively, which 
inhibit HDAC activity in a dose-dependent manner. Thus, the a-keto 
acid metabolites of MSC and SM, along with methylselenol derived 
from /)- and y-lyase reactions, may be potential direct-acting metabo¬ 
lites of organoselenium that lead to de-repression of silenced tumor 
suppressor proteins and/or responses to signal factors. 

New synthetic strategies towards selenocysteine 
and selenomethionine derivatives 

Michio Iwaoka, Sari Yoshida, Sadahiro Oishi, Akira Makiyama, 
and Fumio Kumakura 

Department of Chemistry, School of Science, Tokai University, 
Japan 

Selenium-containing amino acids have attracted increasing interest 
from view points of the importance as a active center of several sele- 
noenzymes, the biological synthesis, the metabolism, and the use for 
structure determination of proteins. A number of efficient synthetic 
methods have already been developed for L-selenocysteine (SeCy s) and 
L-selenomethionine (SeMet) derivatives. In most of such methods, 
however, the starting material was rather limited to L-serine (Ser) or L- 
homoserine and the transformation was usually achieved in a step-wise 
manner through the activation into the tosylate, halide, beta- or gamma- 
lactone, and oxazoline intermediates. In this paper, we present our 
recent progresses in the development of new strategies for the synthesis 
of SeCys and SeMet derivatives. 
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The use of L-cystine (Cys2), instead of Ser, as a starting material 
was first investigated. After protection of the amino and carboxy 
groups, the Cys2 was treated with iodine and triphenylphosphine in 
the presence of a base to yield the corresponding beta-iodoalanine 
derivative. The iodide was subsequently reacted with sodium hydro¬ 
gen selenide (NaHSe) to afford the SeCys derivative in ca. 70% yield. 
The similar transformation was applied for derivatization from 
homocysteine to homeselenocysteine and SeMet derivatives. The S to 
Se modification (i.e., the chemical atomic mutation) would be a useful 
approach to the peptide, which involves a selenoamino acid residue at 
a specific position, from a naturally occurring Cys-containing peptide. 
One-step conversion of Ser to SeCys derivatives as well as antioxi¬ 
dant catalytic activities of the synthesized SeCys and SeMet 
derivatives was also investigated. 

Novel methionine-selective transporters 

from the neurotransmitter sodium symporter family 

Ella Meleshkevitch, Dmitri Voronov, Melissa Miller, 

Jeffery Fox, Lyudmila Popova, and Dmitri Boudko 

Rosalind Franklin University, Chicago Medical School, 

Chicago, IL, USA 

Nutrient amino acid transporters (NATs) comprise a recently identified 
subfamily of the Neurotransmitter sodium symporter family (NSS or 
SLC6). It includes a large population of orphan transporters that form 
lineage-specific basal clusters of the SLC6 family tree. We report the 
cloning, functional expression, and in situ hybridization of a novel insect 
NAT from the yellow fever vector mosquito, Aedes aegypti, AeNAT5 
(NCBI accession, ABZ81822). In contrast to the previously characterized 
Broad spectra transporter AeAATl and the tryptophan- and phenylala¬ 
nine-substrate selective transporters from another culicid mosquito, 
Anopheles gambiae (AgNAT6 and AgNAT8), AeNAT5 selectively 
absorbs L-methionine and with a 20-fold reduction in transport efficiency 
L-cysteine. AeNAT5 transcript mimics the general pattern of spatial 
expression of NATs in the insect gut. However, some substantial dif¬ 
ferences in the expression of the AeNAT5 versus AeAATl were 
identified in the anterior and posterior domains of the larval alimentary 
canal. These findings support our earlier hypothesis that the NAT sub¬ 
family evolved and act synergistically as the principal molecular 
mechanisms for essential amino acid absorption and redistribution. The 
narrow substrate spectra AeNAT5, AgNAT6 and AgNAT8 represent a 
specific expansion of insect NATs which amplify the selective acquisi¬ 
tion of the most underrepresented essential amino acids. Essential NATs 
are important for animal health and brain function, and their strong lin¬ 
age-specificity compared to conserved neurotransmitter transporters 
suggests that NATs could be more rational targets for the management of 
medically and economically important invertebrates. 
Acknowledgments: Supported by NIH/NIAID AI030464. 

Can the level of sulfane sulfur be a marker 
of neoplastic cell transformation? 

Wrobel Maria 

Chair of Medical Biochemistry, Jagiellonian University Medical 
College, Krakow, Poland 

Cystathionine gamma-lyase (CST) is the rate-limiting enzyme for 
the synthesis of cysteine from methionine and the availability of 


cysteine is a critical factor in glutathione synthesis. CST and 3- 
mercaptopyruvate sulfurtransferase (MPST) catalyse reactions of 
the formation of sulfane sulfur-containing compounds from L-cys¬ 
teine. Tissue concentration of glutathione and sulfane sulfur is 
relevant to the malignant cell proliferation. Our investigations have 
demonstrated a higher concentration of GSH and cysteine, and a 
decreased activity of CST and MPST in human brain gliomas as 
compared to non-involved tissues (various regions of human brain). 
The level of sulfane sulfur in brain gliomas seems to be dependent 
on the grade of malignancy (according to the WHO classification). 
The application of the micro-XANES technique, as opposed to the 
biochemical bulk analysis, has allowed for showing that a high 
accumulation of sulfur as the sulfide (S 2- ) form occurred just 
inside the cancer cell. In the astrocytoma U373 cells, as compared 
to astrocytes, the diminished activity of MPST is accompanied by a 
lower level of sulfane sulfur. /V-acetyl-i.-cysteine (NAC), a pre¬ 
cursor of cysteine, increases the level of sulfane sulfur in the 
astrocytoma U373 and neuroblastoma SH-SY5Y cells, thus inhib¬ 
iting their proliferation. The interrelationship between cell 
proliferation and sulfane sulfur level has been confirmed for the 
prostatic cancer cells PC-3 cultured in a medium containing diallyl 
disulfide (DADS, an organosulfur compound of garlic). The inhi¬ 
bition of PC3 cells proliferation has been accompanied by an 
increased expression of CST, while the proliferation of SH-SY5Y 
cells by an increased expression of MPST. The cellular sulfane 
sulfur levels strictly depend on the activity of sulfurtransferas- 
es; loss of these enzymatic activities may result in sulfane sulfur 
accumulation in brain gliomas. It seems that the modulation 
of MPST and/or CST expression may have a therapeutic 
importance. 

Determination of homocysteine redox status in urine 
by liquid chromatography 

Rafal Glowacki, Kamila Borowczyk, and Edward Bald 

Department of Environmental Chemistry, University of Lodz, 

Lodz, Poland 

Thiol redox status, defined as reduced-to-oxidized ratio, of urinary 
homocysteine (Hey) has been measured. Both forms of Hey were 
determined by high performance liquid chromatography with fluo¬ 
rescence detection. The analyte was on-column derivatized with 
fluorescence labeling reagent, o-phthaldialdehyde, separated chro- 
matographically and detected at excitation and emission 
wavelengths 370 and 480 nm, respectively. Oxidized form of Hey 
was converted to its thiol counterpart by reductive cleavage with 
tris-(2-carboxyethyl)phosphine hydrochloride prior to derivatization 
step. 

The calibration graphs, obtained with the use of normal urine 
spiked with growing amounts of homocysteine and homocystine, 
were linear over the concentration ranges covering most experi¬ 
mental and clinical cases (0.05-8 nmol/ml urine for reduced 
homocysteine and 0.25-16 nmol/ml urine for total homocysteine). 
The oxidized homocysteine was calculated by subtraction of 
reduced thiol from the content of total thiol. Redox status of 
homocysteine was determined in urine of 32 healthy volunteers 
distributed by sex. Excretion of Hey, normalized against creatinine, 
showed a wide range of variation, however mean values were not 
significantly different (P < 0.05) between sex groups. Our inves¬ 
tigations show positive correlation between reduced and total 
homocysteine in first morning urine (r = 0.829). 
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Total cysteine, glutathione and homocysteine 
profiles of fruit and vegetable juices using capillary 
electrophoresis with pH-mediated sample stacking 

Pawel Kubalczyk and Edward Bald 

Department of Environmental Chemistry, University of Lodz, 

Lodz, Poland 

Biological thiols are important antioxidants, and recent studies 
showed that their contents vary depending on the groups of food¬ 
stuffs. Therefore, we investigated the levels of some biological thiols 
in various vegetables and fruits using a sensitive high-performance 
capillary electrophoresis (UPCE) technique. The method is based on 
reduction of disulfide bonds, derivatization of thiols with 2-chloro-l- 
methylquinolinium tetrafluoroborate (CMQT), followed by electro¬ 
phoretic separation with pH-mediated staking step and UV- 
absorbance detection and quantitation. When using capillary elec¬ 
trophoresis for the analysis of biological samples, it is often necessary 
to employ techniques to overcome peak-broadening that results from 
having a high-conductivity sample matrix. To improve the concen¬ 
tration detection limits and separation efficiency of the cationic 
CMQT derivatives in HPCE, pH-mediated acid stacking was per¬ 
formed to electrofocus the analytes, improving separation sensitivity. 
Biological thiols measured in some vegetables and fruits include 
cysteine, glutathione and homocysteine. Our results show that various 
vegetables and fruits differ significantly in their content of thiols. We 
confirmed that the main nonprotein thiols in plants are cysteine and 
glutathione. The method is linear in wide range of concentrations with 
a regression coefficient better than 0.99. The detection limit for glu¬ 
tathione, cysteine and homocysteine were 2.5 pmol/L. The method 
was successfully applied to analysis of fruit and vegetable juices for 
total cysteine, glutathione and homocysteine. 


The activity of the hydrogen sulfide generating 

enzymes: cystathionine /J-synthase 

and y-cystathionase—in mouse tissue homogenates 

Bronowicka-Adamska Patrycja, Wrobel Maria, 
and Zagajewski Jacek 

Chair of Medical Biochemistry, lagiellonian University Medical 
College, Krakow, Poland 

Hydrogen sulfide (H 2 S), an important gasotransmitter with a va¬ 
sorelaxant property, is generated endogenously in vascular smooth 
muscle cells and nervous system. It can be produced from L-cysteine 
by one or two pyridoxal-5'-phosphate-dependent enzymes present in 
mammalian tissues: cystathionine /J-synthase (CBS) and y-cystathi- 
onase (CST). CBS synthesizes cystathionine, while CST splits 
cystathionine to cysteine, a-ketobutyrate and ammonium ions. We 
investigated the activity of these two enzymes in mouse liver, kidney 
and brain homogenates in the presence of homoserine as the CBS 
substrate and in the presence of DL-propargylglycine (PAG) as the 
CST inhibitor. The levels of cystathionine, cysteine, a-ketobutyrate 
and glutathione were analyzed in incubation mixtures, after 15 min 
incubation with 8 mM homoserine, using the RP-HPLC method. The 
highest control level of cystathinine was detected in the brain 
(70 pmole/mg protein) and it increased twofold in the investigated 
sample. The difference in the cystathionine level between the 
homogenates with and without PAG (0.1 mM) can be used to esti¬ 
mate the activity of CBS in tissue homogenates. The mouse brain 
homogenate showed CBS activity that was about ten times higher 
(4.7 pmole/mg protein min) in comparison to the liver. The combined 


activity of the CBS and CST measured by the difference between 
cysteine and/or a-ketobutyrate levels in the control and investigated 
samples was also the highest in the brain homogenates as compared to 
the liver and kidney. This suggests higher brain potency in H 2 S 
generation. The highest increase in the level of glutathione was found 
in the liver homogenates, what points both to the role of the CBS/CST 
tandem in cysteine delivering and to the high activity of enzymes 
participating in glutathione synthesis. 

The effect of diallyl trisulfide on neuroblastoma 
SH-SY5Y cells proliferation 

Jurkowska Halina, Dul Maria, and Wrohel Maria 

Chair of Medical Biochemistry, lagiellonian University Medical 
College, Krakow, Poland 

Diallyl trisulfide (DATS), a constituent of processed garlic, inhibits 
proliferation of human cancer cells. We intended to elevate the level 
of sulfane sulfur in neuroblastoma SH-SY5Y cells by delivering 
DATS, sulfane sulfur donor. The effects of various concentrations of 
DATS on cell’s proliferation, glutathione (GSH) content, and sulfu- 
rtransferases activity were investigated in human neuroblastoma SH- 
SY5Y cells. Cells were treated with 0 (control), 1.0, 2.0 or 3.0 mM 
DATS for 24 or 48 h. After 24 and 48 h of treatment with 2.0 mM 
DATS the inhibition of cells proliferation was observed. The effect 
was accompanied by an increased expression of y-cystathionase and 
3-mercaptopyruvate sulfurtransferase (MPST), two sulfane sulfur- 
synthesizing enzymes. The elevated activity of MPST and the 
increased level of sulfane sulfur were also determined. Our results 
suggest that a correlation exists between the proliferation of SH- 
SY5Y cells and the level of sulfane sulfur and the expression / activity 
of MPST and y-cystathionase. 


The involvement of calpain in homocysteine-induced 
apoptosis in SH-SY5Y cells 

Yu-mi Jang 1 and Young Hye Kwon 1 ' 2 

'Department of Food and Nutrition, Seoul National University, 
Seoul, Korea 

2 Research Institute of Human Ecology, Seoul National 
University, Seoul, Korea 

Previous studies have reported the endoplasmic reticulum (ER) 
stress caused hy homocysteine, proposing the underlying mecha¬ 
nism by which it could induce neurodegeneration. The calpains are 
a superfamily of Ca 2+ -dependent proteases that may play an 
important role in ER stress-mediated apoptosis in neuronal cells. 
We investigated whether calpain is involved in homocysteine- 
mediated apoptosis in SH-SY5Y human neuroblastoma cells. 
Homocysteine increased intracellular Ca 2+ level and calpain activ¬ 
ity in a concentration-dependent manner. Expression of Bax, 
cytochrome c release from the mitochondria, and activation of 
caspase-9 increased significantly in cells treated with homocysteine. 
Consistently, the viability of cells cotreated with homocysteine and 
a caspase-9 inhibitor increased significantly relative to that of 
homocysteine-treated cells. Moreover, calpain inhibition signifi¬ 
cantly increased cell viability and inhibited caspase-9-mediated 
apoptosis relative to those of homocysteine-treated cells. Taken 
together, our findings suggest that calpain and the mitochondrial 
pathway are involved in homocysteine-mediated apoptosis in SH- 
SY5Y cells. 


*£) Springer 



11th International Congress on Amino Acids, Peptides and Proteins 


S-Carbamoylation impairs the radical scavenging 
activity of cysteine 

Hilde Laggner 1 , Sabine M. Schreier 1 , Marcela Hermann 2 , 

Markus Exner 3 , Stylianos Kapiotis 4, 5 , 
and Bernhard M. K. Gmeiner 1 
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Vienna, Austria 

Carbamoylation of free amino acids, peptides and proteins is the 
reaction of urea-derived cyanate ( - N=C=0)/isocyanic acid 
(H-N=C=0) with amino, hydroxyl and thiol groups. Carbamoylation 
can result in altered biological function/activity of the modified 
molecule due to changed structure and charge. 

Most of the investigations dealing with carbamoylation focus on 
the reaction with the E-amino groups of proteins (/V-carbamoyla- 
tion). Beyond that, the reaction of cyanate at moderate acidic pH 
(pH 6-7) with the sulfhydryl group (S-carbamoylation) is fast. 
Carbamoylation is observed in vivo in patients suffering from 
uremia, and uremia has been linked with impaired antioxidant 
mechanisms. Thio amino acids have been proposed as important in 
vivo antioxidants due to the radical scavenging ability of the free 
sulfhydryl (-SH) group. Thus, one may speculate that carbamoyl¬ 
ation of the -SH group may impair the antioxidative activity of 
cysteine (and related thiol compounds). Here we report on the 
effect of S-carbamoylation on the radical scavenging ability of 
cysteine (CYS), /V-acetyl-cysteine (NAC) and glutathione (GSH). S- 
carbamoylation of CYS, NAC and GSH resulted in impaired 
scavenging of free radicals as tested in the DPPH (2,2-diphenyl-1- 
picrylhydrazyl) assay. Lipid oxidation in LDL (low density lipo¬ 
protein) by the free radical generating compound AAPH (2,2'- 
azobis-2-amidinopropane hydrochloride) was inhibited by CYS, 
NAC and GSH. S-carbamoylation of the compounds resulted in 
less inhibitory activity. These results indicate that S-carbamoylation 
of free cysteine may contribute to the impaired antioxidant defense 
observed in patients suffering from uremia. 

Cellular biosynthesis of S-adenosylmethionine 
by Immobilized recombinant E. coli 

Chuanguang Qin, Xiaojia Zuo, Weining Niu, Xiaoya Shang, 
and Liheng Wang 

Faculty of Life Science, Northwestern Polytechnical University, 
Xi’an, China, qinchg@nwpu.edu.cn 

The problems inherent in microbial fermentation and chemical 
synthesis of S-adenosylmethionine (SAM) led us to develop a 
whole-cell catalytic method for the synthesis of large scale of SAM 
(see the synthesis scheme below). In the present study, the full- 
length SAM synthase gene was cloned from the genome of E.coli 
K12 and over-expressed in E. coli JM109. In order to enhance the 


expression level of soluble SAM synthase, various fermentation 
conditions were optimized including temperature, density of IPTG 
and induction time. Subsequently, the cultured cells were harvested 
and embedded in sodium alginate, carrageenan gel and gelatin 
respectively for the synthesis of SAM. The sodium alginate was 
selected for the better enzyme recovery and mechanical strength. 
Immobilized cell has been used as efficient catalyst for large scale 
synthesis of SAM directly from ATP and L-methionine. The syn¬ 
thesis procedures do not require time-waste protein purification and 
the immobilized cells can be directly used after being simply sep¬ 
arated and harvested with filter or centrifuge. The biosynthetic 
conditions were optimized including pH, temperature, reaction time, 
catalyst amount, ATP concentration, organic penetrants and inor¬ 
ganic salts concentration. The highest yield of SAM, 13.4 g/L, was 
obtained when initial ATP concentration was 35 mM at pH 6.5, 
35°C. The conversion rate of ATP was over 95%. After five repe¬ 
ated experiments, the activity of SAM synthase with the 
immobilized cells retained over 90% of their original activity, which 
indicated that the operational stability for recycling in batch pro¬ 
cesses was improved. Therefore, immobilized whole-cell catalysis is 
an efficient, low cost method for producing SAM. 

Acknowledgments: This work was financially sponsored by the 
National Natural Science Foundation of China (NSFC 20672086; 
20802057), the Scientific Research Foundation for the Returned 
Overseas Chinese Scholars, State Personnel Ministry of China (2007) 
and Basic Research Foundation of Northwestern Polytechnical Uni¬ 
versity (JC200824). 


Cysteine overproduction by engineered Escherichia 
coli strain with a high ethanol yield 

Natthawut Wiriyathanawudhiwong 1 , Iwao Ohtsu 1 , 

Friedrich Srienc 2 , and Hiroshi Takagi 1 

'Graduate School of Biological Sciences, Nara Institute of 
Science and Technology, Nara, Japan 

BioTechnology Institute, University of Minnesota, Minneapolis, 
MN, USA 

In Escherichia coli, intracellular L-cysteine content is strictly con¬ 
trolled and cannot be overproduced in the cell. To overproduce 
L-cysteine in E. coli, we have so far overexpressed feedback inhibi¬ 
tion-insensitive altered serine acetyltransferase (SAT), a key enzyme 
in L-cysteine biosynthesis pathway, lowered level of cysteine desul- 
fhydrase activity which degrade L-cysteine to pyruvate, ammonia, and 
sulfide, and developed the efficient export system of L-cysteine. 
However, it is thought that acetic acid, which is one of the by¬ 
products in the biosynthesis, is also produced nearly equal to L-cys¬ 
teine. Acetic acid would result in a negative influence on the cell 
growth due to decreasing in the pH of the medium. Meanwhile, the 
most efficient ethanologenic E. coli strain was constructed by inverse 
metabolic engineering based on elementary mode analysis. Strain 
TCS083, with eight gene knockout mutations (zwf frdA, IdhA, sfcA, 
rnaeB, ndh, pox, pta), was found to yield ethanol from glucose closely 
matched the theoretical predictions with very low acetic acid yields. 
By introducing the L-cysteine high-producing plasmid into strains 
wild-type MG1655 and TCS083, the L-cysteine yield per glucose 
consumption in TCS083 transformant was remarkably higher than 
that of the wild-type cell. These results suggest that the elimination of 
organic acid-producing pathway as by-product is important for the 
improved productivity of L-cysteine. 
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Synthesis of selenocysteine derivatives 
and their antioxidant catalytic activities 

Sari Yoshida and Michio Iwaoka 

Department of Chemistry, School of Science, Tokai University, 
Isehara, Japan 

Selenocysteine is the 21st amino acid incorporated in proteins by the 
genetic codon and usually located at the active center of redox sele- 
noenzymes, such as glutathione peroxidase (GPx). We have recently 
developed the transformation reaction from disulfides to diselenides 
through iodization and applied the reaction to the synthesis of sele¬ 
nocysteine derivatives. In this paper, improvement of the reaction 
yield, synthesis of a selenoglutathione derivative by the solid phase 
peptide synthesis method and evaluation of redox catalytic activities 
of the synthesized compounds will be reported. 

By using L-cystine as a starting material, we synthesized l- 
selenocysteine derivatives as follows. Amino groups of L-cystine 
were protected with Fmoc groups, and the carboxy groups were 
transformed to the methyl ester in 74% total yield. The resulting 
disulfide was reacted in benzene with triphenylphosphine and iodine 
in the presence of DMAP to yield the iodide. The subsequent 
treatment with sodium hydrogen selenide produced a protected L- 
selenocystine in 72% yield. Ester groups of the obtained diselenide 
were hydrolyzed under acidic conditions, and the diselenide group 
was protected with a p-methoxybenzyl group by the treatment with 
potassium borohydride and p-methoxybenzyl bromide in THF and 
water. The total yield of the final selenocysteine derivative was 
29%. 

We subsequently investigated the synthesis of a selenoglutathione 
derivative from the obtained selenocysteine derivative. Redox cata¬ 
lytic activities of the synthesized selenocysteine derivatives were also 
evaluated by using the GPx model reactions between hydroperoxides 
and thiol substrates. 


Electrochemical detection of low molecular mass thiols 

Ondrej Zitka 1 , Ales Homa 2 , Vojtech Adam 1 ' 3 , Josef Zehnalek 1 , 
Libuse Tmkova 4 , and Rene Kizek 1 

'Department of Chemistry and Biochemistry, Faculty 
of Agronomy, Mendel University of Agriculture and Forestry, 

Brno, Czech Republic 

department of Animal Nutrition and Forage Production, Faculty 
of Agronomy, Mendel University of Agriculture and Forestry, 

Brno, Czech Republic 
3 Radanal Ltd., Pardubice, Czech Republic 
department of Chemistry, Faculty of Science, Masaryk 
University, Brno, Czech Republic 

Sulfur exists in multiple stable oxidation states, hence it is a versatile 
component in biological systems. The most active and reduced form 
of sulfur in hiomolecules is the thiol group (-SH), present in number 
of biologically active compounds such as the amino acid cysteine, the 
non-protein forming aminoacid homocysteine and glutathione, which 
is the most abundant non-protein molecule in mammalian cells. The 
main aim of this paper is to utilize high performance liquid chro¬ 
matography with electrochemical detection (HPLC-ED) for 
determination thiols content in plants tissues of lettuce treated with 
lead(II) ions (0, 0.5 and 1 mM), respectively. We used two UPLC-ED 
instruments: HPLC coupled with one channel amperometric detector 
and UPLC coupled with twelve channel coulometric detector to detect 
simultaneously twelve thiols (cysteine; reduced, oxidized and 
S-nitroso glutathione; homocysteine; /V-acetyl cysteine; cystine; 


phytochelatins: des-Glycine-Phytochelatin, phytochelatin2, phyto- 
chelatin3, phytochelatin4 and phytochelatin5). The detection limits of 
thiols measured by CoulArray detector were about two magnitudes 
lower in comparison to those measured by Coulochem III detector 
and were from tens to hundreds pM. Under the optimal conditions 
(gradient profile for simultaneous thiol separation starting at 100:0 
(80 mM TFA:methanol) kept constant for 9 min, then decreasing to 
85:15 during 1 min, and kept constant for 8 min, and finally 
increasing linearly up to 97:3 from 18 to 19 min, mobile phase flow 
rate of 0.8 ml/min, and column temperature of 40°C) we utilized 
HPLC-CoulArray detector for analysis of tissues from lettuce plants. 
Acknowledgments: Financial support from GACR 522/07/0692 and 
INCHEMBIOL MSM0021622412 is greatly acknowledged. 


Synthesis and medicinal chemistry 

An efficient total synthesis of kaitocephalin, a potent 
antagonist of iGluRs 

Yasufumi Ohfune, Makoto Hamada, and Tetsuro Shinada 
Graduate School of Science, Osaka City University, Osaka, Japan 

Kaitocephalin, isolated from Eupenicillium Shearii PF1191 by Seto 
and Shin-ya et al. exhibits potent neuro-protecting activity from the 
excitotoxicity induced by NMDA, AMPA, and KA in rat hippo¬ 
campal neurons. The structure consists of different type of three 
amino acids (Ala, Pro, and Ser) connected with carbon-carbon bonds 
in which the Pro-Ser unit involves three-contiguous stereogenic 
centers including quaternary carbon center attached to an amino 
group. Because of its important biological activity and intriguing 
structure, kaitocephalin has attracted significant attention from 
chemists as a synthetic target and as a lead of neuroprotecting drugs. 
Three total syntheses including our work have been reported. 
However, it still remained an alternative method that enables gram 
scale preparation of kaitocephalin to examine details of its phar¬ 
macological profile and to perform the SAR studies. In this report, 
we describe an efficient total synthesis of kaitocephalin. The syn¬ 
thesis was performed by (1) diastereoselective aldol condensation of 
5-substituted proline ester with an ortho ester protected serinal, (2) 
inversion of the stereogenic center at C3 of the aldol product, (3) 
trans-esterification of the ortho ester to the methyl ester, (4) E- 
selective Homer-Emmons olefination using a glycine phosphonate, 
(5) Rh-catalyzed hydrogenation of the unsaturated ester to the 95- 
isomer, and (6) one-pot removal of all protecting groups using hard- 
soft concept to give kaitocephalin. Total number of processes 
included in 12 steps (6.9% overall yield). Preliminary results for the 
neuro-protecting and binding activities of kaitocephalin and its 
analogs will also be described. 

Development of new generation of nucleophilic 
glycine equivalents for general synthesis 
of alpha-amino acids 

Vadim A. Soloshonok 

Department of Chemistry, University of Oklahoma, Norman, OK, 
USA 

This lecture will review the advances in the synthesis of sterically 
constrained alpha-amino acids, specifically the preparation of 
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optically active beta-substituted pyroglutamic acids via the homol¬ 
ogation of a new generation of modular Ni(II) complexed glycine 
equivalents. Following a brief overview of the general methods for 
the preparation of alpha-amino acids via homologation of achiral 
glycine equivalents, the majority of this lecture is dedicated to the 
design, development and application of a new generation of modular 
nucleophilic glycine equivalents. The key advantage to this new 
series of glycine equivalents is the ability to alter the physical and 
chemical properties of these derivatives to fit the requirements of the 
desired homologation technique. This modular approach has already 
been exploited in order to fine tune the Ni(II) complexed glycine 
equivalent for the asymmetric synthesis of a variety of beta- 
substituted pyroglutamic acids via its Michael addition reaction with 
various (S)-3-(£-enoyI)-4-phenyl-1,3-oxazolidin-2-ones. New results 
on catalytic version of these Michael addition reactions with 
application of chiral organic bases will highlighted. 


Chemical syntheses of radioisotopes and stable 
isotopes labelled amino acids. An overview of works 
carried out at “CEA Service des Molecules 
Marquees” from 1949 to 1989 

Louis Pichat 

CEA, CEN Saclay, BP Courrier, Gif/Yvette Cedex, France, 
pichat @ ec-lyon.fr 

The “Commissariat a l’Energie Atomique” (CEA) was created by 
General de Gaulle shortly after the second world war nightmare, and 
the author was hired by Dr J. Gueron in September 1949 to start from 
scratch what became the CEA “Service des Molecules Marquees” 
(SMM). 

Among other subjects of interest to biochemists, the synthesis of 
labelled amino acids occupied an important place. Examples are 
mentioned below. 

[ l4 C] Amino acids. 14 C, issued from neutron irradiation of 14 NA1, 
is commercially available as 14 C03Ba from which “basic” com¬ 
pounds were prepared, e.g. 14 C02; K 14 CN; [ 14 C2] acetylene; [ 14 C () ] 
benzene. The carbonation of organometallics with 14 C02 were used as 
the first step in syntheses of, e.g., [2- 14 C] amino acids; [4- 14 CO] <5- 
amino levulinic acid; [1- 14 C] y-amino butyric acid; hydroxy proline; 
allo-hydroxy proline, etc. Many examples of [ 14 C] labelling using 
K 14 CN will be shown on the poster, e.g. [5- 14 C] glutamic acid; 
ornithine; arginine, etc. [ 14 C 2 ] acetylene and a Wittig reaction yielded 
[3,3’,4,5- 14 C] DL-isoleucine. Co-cyclotrimerisation of [ 14 C 2 ] acety¬ 
lene with diethyl propargyl formamidopropionate and subsequent 
hydrolysis produced [1,2,3,4- 14 C] phenyl alanine in a 3-step synthesis 
with a 30% overall yield. 

[ 35 S] Amino acids: cystine; cysteine; methionine. 

[ 3 H] Amino acids: L-lysine; L-leucine; L-omithine; L-arginine; dl- 
glutamic acid with a high specific radioactivity; meso-diamino pim- 
elic acid. 

The SMM also had a prominent position in other syntheses: 

- 3 H-D PAT, a new ligand in 5HT1A receptors; 

- nucleosides ( 3 H and [ 14 C] thymidines); 

- fatty acids, e.g. [ 14 C] erucic acid; 

Custom syntheses by the SMM of new drugs or candidates of new 
drugs (metabolism and pharmacokinetic studies) were awarded the 


Ehrlich Prize/Janssen at the 44th International Meeting on Medicinal 
Chemistry in July 2008. 


The trafficking of amino acid activated Ligand gated 
ion channels and the control of neuronal activity 
Dissecting out the role of DISCI in Schizophrenia 
through protein-protein interactions at the synapse 

N. J. Brandon 

Wyeth Research, Monmouth Junction, NJ, USA 

Disrupted in Schizophrenia 1 (DISCI) is an increasingly well-vali¬ 
dated psychiatric risk gene which has now been shown to be involved 
in key signaling pathways with relevance to disease such as wnt and 
cAMP pathways. In our original studies we generated a network of 
protein-protein interactions (PPIs) around DISCI, achieved by uti¬ 
lizing iterative yeast-two hybrid screens, combined with detailed 
pathway and functional analysis. This so-called ‘DISCI interactome’ 
contains many novel PPIs and provides a molecular framework to 
explore the function of DISCI. 

To understand the role of DISCI at the synapse we have focused 
on the interaction with Traf-2- and Nck-interacting kinase (TNIK), 
a member of the Ste20-related kinase family. TNIK has recently 
been associated with cognitive deficits in schizophrenia. To date 
little is known of its role in the brain and disease processes. We 
have shown that TNIK is enriched in the hippocampus and is 
found in the post-synaptic density of hippocampal neurons. I will 
discuss the role of a DISCI-TNIK complex at the synapse and 
suggest that deficits of a TNIK-DISC1 signalosome may contribute 
to altered synaptic transmission and the pathogenesis of psychiatric 
disorders. 


Tryptophan catabolism and immune 
regulation 

Deciphering the lexicon between fungi 
and mammalian innate immunity along 
the kynurenine pathway 

Teresa Zelante, Francesca Fallarino, Paolo Puccetti, 
and Luigina Romani 

Microbiology Section, Department of Experimental Medicine 
and Biochemical Science, University of Perugia, Perugia, Italy 

The immune system continuously modulates the balance between 
responsiveness to pathogens and tolerance to non-harmful antigens. 
The mechanisms that mediate tolerance are not well understood, but 
recent findings have implicated tryptophan catabolism through the 
kynurenine metabolic pathway as one likely mechanism involved. 
Initially recognized in infection because of its antimicrobial activity, 
the enzyme indoleamine 2,3-dioxygenase (IDO), by mediating 
tryptophan catabolism, has a complex role in immune homeostasis 
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of the mammalian host. The inflammatory-anti-inflammatory state 
of dendritic cells and neutrophils in response to Candida and 
Aspergillus , two major fungal pathogens in humans, is strictly 
controlled by tryptophan catabolism and mediated by the enzyme 
IDO through IFN-y and CTLA-4-dependent mechanisms. IDO 
blockade greatly exacerbated infections and the associated inflam¬ 
matory pathology, and swept away resistance to re-infection as a 
result of deregulated innate and adaptive immune responses caused 
by the impaired activation and function of suppressor T regulatory 
cells producing IL-10. According to this model, in chronic granu¬ 
lomatous disease (CGD), a genetic disorder characterized by lack of 
nicotinamide adenine dinucleotide phosphate oxidase, a host’s fail¬ 
ure to produce reactive oxygen species—mostly notably, superoxide 
anion—leads to IDO dysfunction and pathogenic inflammation. 
Replacement therapy with natural kynurenines reversed the inflam¬ 
matory phenotype, raising the possibility that this might help to 
control CGD in humans. The fine control exerted over innate and 
adaptive antifungal responses by IDO provides novel mechanistic 
insights into complex events at the host-pathogen interface that may 
have important therapeutic implications. 


HIY-induced tryptophan catabolism: pathogenic 
mechanism and target for immunotherapy 

Adriano Boasso 1 , Monica Vaccari 2 , Dietmar Fuchs 3 , 

Andrew W. Hardy 4 , Wen-Po Tsai 2 , Elzbieta Tryniszewska 2 , 

Gene M. Shearer 4 , and Genoveffa Franchini 2 

'Department of Immunology, Chelsea and Westminster Hospital, 
Imperial College, London, UK 

2 Animal Models and Retroviral Vaccines Section, NCI, NIH, 
Bethesda, MD, USA 

3 Division of Biological Chemistry Biocentre, Innsbruck Medical 
University, Innsbruck, Austria 

4 Experimental Immunology Branch, CCR, NCI, NIH, Bethesda, 

MD, USA 

The hallmark of human immunodeficiency virus (HIV) infection is 
the progressive loss of CD4 and CD8 T cell responses, resulting in the 
inability of the immune system to efficiently respond to opportunistic 
infections and to HIV itself. Tryptophan (Trp) degradation into 
kynurenine (Kyn), mediated by indoleamine-2,3-dyoxigenase (IDO) 
is a powerful physiologic immunosuppressive system. We showed 
that HIV directly induces IDO expression by plasmacytoid dendritic 
cells (pDC) in vitro, and that HIV-induced IDO inhibits CD4 and 
CD8 T cell proliferative responses. The IDO inhibitor 1-methyl-D- 
tryptophan efficiently prevented IDO-mediated immunosuppression 
in vitro. We then tested IDO expression in lymphoid and mucosal 
tissues of rhesus macaques infected with simian immunodeficiency 
virus (SIV), a well accepted animal model for HIV infection. We 
found elevated levels of IDO in tissues from animals with high viral 
load compared to animals with low virus load and uninfected animals. 
We administered the IDO inhibitor 1-methyl-D-tryptophan (D-lmT) 
for 13 days to SIV-infected rhesus macaques receiving antiretroviral 
therapy (ART). D-lmT treatment increased the plasma levels of Trp, 
without significantly reducing Kyn, suggesting only a partial effect on 
IDO enzymatic activity. Surprisingly, D-lmT significantly reduced the 
virus levels in plasma and lymph nodes of ART-treated animals 
which did not fully respond to ART. In SIV-infected animals which 
were not receiving ART, D-lmT was ineffective in reducing the 
plasma viral load. Thus, D-lmT appeared to synergize with ART in 
inhibiting viral replication. Further studies are required to elucidate 
the immunologic or virologic mechanism by which D-lmT inhibited 
SIV replication in vivo. 


Regulation of antigen specific immune responses 
during infection: is there a role for IDO? 

Beatrix Schumak 1 , Sabine Specht 2 , Kim E. Schmidt 2 , 

Frank Jiingerkes 1 , Christian Epp 3 , Hermann Bujard 3 , 

Achim Hoerauf 2 , and Andreas Limmer 1 

'institute of Molecular Medicine and Experimental Immunology 
(IMMEI), University Hospital Bonn, Bonn, Germany 
institute of Medical Microbiology, Immunology and 
Parasitology, University of Bonn, Bonn, Germany 
institute of Parasitology, University of Heidelberg, 

Heidelberg, Germany 

The Tryptophan catabolizing enzyme IDO has turned out to play a 
great but very divers role in immune regulation. Trp is not only 
necessary for growth of microorganism, but also essential for the 
induction antigen-specific T cell responses. Therefore, control of Trp 
supply by IDO exhibits the contradicting effect to inhibit pathogen 
growth but at the same time prevents T cells from eradicating the 
infection by blocking T cell activation or by inducing regulatory T 
cells. It therefore seems likely that these conflicting events are sep¬ 
arated by time and location. 

Initially, we had observed that the systemic injection of bacteria or 
toll-like-receptor-Ligands (TLR-Ligands, CpG-DNA) induced the 
production of IDO in the spleen, but not in lymph nodes. This IDO 
activity prevented T cell proliferation and thereby effector function. 
As control of T cell activity by IDO was intriguing, we wanted to 
extrapolate these results to the situation of cerebral malaria, a fatal 
disease, which strongly depends on the action of activated T cells 
infiltrating the brain. Activation of T cells causing the pathology 
occurs in the spleen and as expected injection of CpG-DNA could 
indeed block the onset of cerebral malaria. These results implied that 
control of IDO activity in the spleen could have a protective effect 
during malaria, as IDO activity could control T cell function in the 
spleen, prevent T cell activation (“induction phase”) and subsequent 
damage in the brain. 

Indoleamine 2,3-dioxygenase in human 
hematopoietic stem cell transplantation 

Birgit Jurgens', Ursula Hainz*, Dietmar Fuchs 2 , 
and Andreas Heitger* 

'Children’s Cancer Research Institute, Vienna, Austria 
2 Division of Biological Chemistry, Biocenter, Innsbruck Medical 
University, Innsbruck, Austria 

Hematopoietic stem cell transplantation (HSCT) in humans is pre¬ 
dictably followed by a severe immunocompromise in the host as caused 
by the preparative regimen, the infusion of stem cells and the immu¬ 
nosuppressive medication to prevent rejection and graft-versus-host 
disease. We recently discovered that post-HSCT monocytes suppress 
post-HSCT T-cell responses. Post-HSCT monocyte suppressor activity 
was associated with the release of the tryptophan metabolite kynu¬ 
renine. Indeed, post-HSCT monocytes but not control monocytes were 
in a constitutively activated state (by increased neopterin release) and 
were highly susceptible to release high amounts of kynurenines upon 
activation with even small amounts of interferon-y (IFN-y), suggesting 
augmented IDO activity in the post-HSCT period. In view of the 
involvement of IDO activity after HSCT and its presumed tolerogenic 
properties we are now studying whether a targeted IDO induction in 
human monocyte-derived dendritic cells (mDCs) will eventually result 
in allo-antigen-specific tolerance. To this end, we found that (1) 
abundant IDO competence (IDO protein expression and enzymatic 
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activity) can be induced in human mDCs upon activation with lipo- 
polysaccharide and IFN-y, (2) IDO competent mDCs can suppress and/ 
or induce regulatory activity in allogeneic T cells and (3) by pre¬ 
liminary findings IDO competent mDCs induce apoptotic decline 
preferentially of allo-activated T cells. Collectively, these findings 
suggest that employing IDO competence in human mDCs might be a 
useful approach to ex vivo tolerize T cells specifically towards allo- 
antigens and that T cells tolerized via the IDO pathway might be useful 
for post-HSCT adoptive cell transfer strategies. 

Urea cycle and amino acid transport 
disorders 

Newborn mass urine screening for urea cycle 
and transport amino acid disorders 

Christiane Auray-Blais 

Department of Pediatrics, Faculty of Medicine and Health 
Sciences, Universite de Sherbrooke, Sherbrooke, QC, Canada 

The Provincial Mass Urinary Screening Program for inherited meta¬ 
bolic disorders was instigated more than 35 years ago in the Province 
of Quebec and the Nunavut region as part of a preventive genetic 
medicine program. It is supported by the Quebec Ministry of Health 
and Social Services. More than 2,600,000 babies have been screened 
for inborn errors of amino acids and organic acids. Newborn urine 
samples are collected on filter paper by parents at 21 days of age. 
Voluntary compliance is good at 90%. Samples are analysed using a 
multiplex thin layer chromatography technique with a sequential-four 
reagent staining methodology. Two unidimensional ascending solvent 
migrations are performed for higher resolution. We analyse 500 
samples per day totalizing 77,000 samples/year in 2008. 

We screen for 25 disorders: (1) those causing severe clinical 
problems which necessitate immediate therapeutic intervention, such 
as urea cycle disorders and organic acidurias; (2) those necessitating 
surveillance and follow-up in metabolic disorders and transport dis¬ 
orders. Regarding urea cycle disorders, we have confirmed 18 cases of 
argininosuccinic aciduria, 5 citrullinemia type I, 3 citmllinemia type 
II, 4 hyperargininemias, and 1 Triple H syndrome. Concerning amino 
acid transport disorders, we found 146 cases of homozygous cystin- 
uria and 1,002 heterozygous cystinuria, 15 Fanconi syndrome, 56 
Hartnup disease and 71 dicarboxylicaminoacidurias. Our screening 
program is a dynamic model that has evolved throughout the years to 
screen as many treatable micromolecule disorders as possible using a 
rapid, simple, reproducible and low-cost methodology. 


Treatment of urea cycle disorders: Are we making 
progress? 

John Mitchell 

Department of Medical Genetics, Montreal Children’s Hospital, 
Montreal, QC, Canada 

Inborn errors of the urea cycle are estimated to affect 1:30,000 live 
bom infants. Deficiency of the enzymes involved in this pathway lead 
to an inability to transfer nitrogen from ammonia to urea. In the 
classical neonatal form, disruption of the urea cycle is characterized 
by hyperammonemia, respiratory alkalosis and encephalopathy. Early 


recognition and acute stabilization of these disorders are essential in 
avoiding catastrophic outcomes. For long-term management, con¬ 
ventional approaches to treatment such as protein restriction, 
alternative pathways and product replacement have been in place for 
over 30 years. It is clear that our attempts at restoring nitrogen 
homeostasis are still lacking and morbidity remains high. Over the 
last 10 years, newer techniques including liver transplantation, 
chaperone therapy and gene therapy have been developed and show 
promise. This presentation summarizes outcome and therapy in 
inborn errors of the urea cycle to provide an overview of what has 
already been achieved and what needs to be accomplished. 


Triple H syndrome: more questions than answers 

Joe T. R. Clarke 

Department of Pediatrics, Faculty of Medicine and Health 
Sciences, Universite de Sherbrooke, Sherbrooke, QC, Canada 

The triple H syndrome (OMIM #238970; hyperammonemia, hyperor- 
nithinemia, homocitrullinaemia) is an autosomal recessive disorder 
characterized by hepatocellular dysfunction, intermittent hyperam- 
monemic encephalopathy, and spastic paraparesis, caused by a defect in 
ORNT1, involved in the transport of L-omithine across the inner 
mitochondrial membrane, resulting in intra-mitochondrial accumula¬ 
tion of carbamoylphosphate and ammonium. The diagnosis is generally 
established by demonstration of elevated levels of ornithine, homocit- 
rulline and ammonium in blood, and orotic acid in urine, and may be 
confirmed by specific mutation analysis. Studies done of 49 patients in 
Quebec, Canada, showed that the clinical phenotype varies signifi¬ 
cantly, even among patients homozygous for the same mutation 
(delF188) in SLC25A15. Treatment with dietary protein restriction and 
sodium benzoate prevented recurrence of hyperammonemic encepha¬ 
lopathy. However, it did not prevent the development of progressive 
spastic paraplegia, a prominent feature of most of the patients studied. 
Although some of the data suggested that intra-mitochondrial ornithine 
deficiency was an important cause of hyperammonemia, treatment with 
L-arginine, did not improve outcomes. The clinical phenotype is also 
different from that of lysinuric protein intolerance (OMIM #222700), 
another disorder of amino acid transport characterized by intra-mito¬ 
chondrial ornithine deficiency. Part of the variability of the clinical 
phenotype in this population might be the result of polymorphisms of a 
second mitochondrial ornithine transporter, ORNT2, encoded by 
SLC25A2. The pathophysiologic mechanism of the hepatocellular 
dysfunction, cognitive deficits and spastic paraplegia observed in 
patients with the disease remains obscure. 


Hypercitrullinemia type I and II: new insights 
and management strategies 

Bruno Maranda 

Service de Genetique Medicale, Departement de Pediatrie, CME 
du CHUL, Universite Laval, Quebec, Canada 

Hypercitrullinemia can be the hallmark of two distinct metabolic 
disorders, citrullinemia type I and II. The former is caused by defi¬ 
ciency in argininosuccinate synthetase (ASS) and the later by citrin 
deficiency. Both disorders can manifest in the neonatal period with 
hyperammonemia and liver dysfunction. Distinctions between these 
two disorders on clinical and biochemical grounds can be difficult. 
Until recently citrullinemia type II had been thought to be ethnically 
restricted to Asians. A key distinguishing feature has been that ASS 
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activity is deficient in liver, but normal in skin fibroblasts .Here we 
present a subgroup of Caucasian patients that showed a different 
enzymatic profile making this distinction even more challenging. 

Five French-Canadian had citrin deficiency as a result of founder 
mutations in the gene SLC25A13, encoding citrin. In marked con¬ 
trast to previous cases these patients have markedly reduced ASS 
activity in skin fibroblasts. Two of them had a presumptive diag¬ 
nosis of ASS deficiency and developed liver failure and 
hypoglycaemia under a protein-restricted diet. However, they fully 
recovered after a high-protein diet once citrin deficiency was diag¬ 
nosed. One of the adult experienced mood disorder that are difficult 
to associate clearly with citrin deficiency. No liver disease is 
observed in unmanaged adults. 

Citrin deficiency could be more frequent than previously thought 
among Caucasians and its differentiation from ASS deficiency is 
mandatory in order to provide optimal treatment. The natural history 
of the disease is still unknown and demand further studies. 


Transport disorders of amino acids: 
the Quebec experience 

Rachel Laframboise 

Service of Medical Genetics, CHUQ, Pavilion CHUL, Universite 
Laval, Quebec, QC, Canada 

The Quebec Network of Genetic Medicine began newborn mass 
screening for urinary amino acids in 1971 as part of a voluntary pre¬ 
ventive medicine program. In the beginning, amino acids related to 
transport disorders were amongst the disorders targeted, along with urea 
cycle disorders and one organic acid, methylmalonic acid. The referral 
procedure is simple: after quantification of amino acids for abnormal 
cases detected by the Provincial Mass Urinary Screening Program at the 
Sherbrooke Medical Center, newborns are referred to four genetic 
clinical centers for diagnostic evaluation, confirmation, instigation of 
treatment if indicated, surveillance and follow-up. Five clinical amino 
acid transport disorders necessitate surveillance and counseling. We 
will review five main categories of inborn errors of transport disorders 
referred to the Service of Medical Genetics at CHUL in Quebec City 
from 1994 to 2008: (1) Cystinuria (homozygotes and heterozygotes 
patients); (2) Hartnup disease; (3) Dicarboxylicaminoaciduria; (4) 
Fanconi syndrome; and (5) Iminoglycinuria. Without taking into 
account cases of iminoglycinuria, the overall incidence for the afore¬ 
mentioned transport disorders is 1:1,290. A clinical picture of these 
cases, their evaluation and follow-up including biochemical data will be 
presented. The incidence of each disorder, usefulness and evidence- 
based indication for early diagnosis and treatment will also be pre¬ 
sented. In conclusion, we emphasize the importance of screening for 
transport disorders of amino acids by a simple, inexpensive method¬ 
ology such as thin layer chromatography, considering the potential 
impact on short and long-term morbidity. 


The application of ultraperformance LC 
to the analysis of amino acids 

Kendon S. Graham, Paula Hong, and Thomas E. Wheat 
Waters Corporation, Milford, MA, USA 

Amino acid analysis is an important tool in the study of a number of 
physiological processes. Changes in the concentrations of specific 
amino acids can result from various modifications at specific points in 
metabolic pathways. Quantitative amino acid analysis (AAA) has 


traditionally been performed using ion exchange chromatography 
with post-column ninhydrin derivatization—a time-consuming and 
high-maintenance methodology. In addition, it has become apparent 
that understanding many of these metabolic processes requires reli¬ 
able analysis at lower concentrations than can easily be detected using 
more established methodologies. 

We describe a new total application solution, for research use 
only, using UltraPerformance LC® in conjunction with tunable UV 
detection that addresses the shortcomings of the more conventional 
methods of AAA. This approach includes a well-characterized amino 
acid derivatization (6-aminoquinolyl-lV-hydroxysuccinimidyl carba¬ 
mate), a thoroughly tested analytical method for analysis of the 
derivatized amino acids and compliance-ready software for acquisi¬ 
tion and reporting. 

We will present studies demonstrating both qualitative and 
quantitative aspects of the analysis including the linearity of response 
and sensitivity of each of the commonly measured amino acids in a 
physiological profile. Accuracy and precision for both standards and 
biological samples will be examined. Samples in these biological 
matrices will also be compared to existing standard methods. These 
quantitative studies will show the reliability and robustness of this 
solution for the analysis physiological amino acids. 


Metabolomics and amino acids analysis of urine 
by proton magnetic resonance spectroscopy 

Pontoni Gabriele 1 , Beneduci Amerigo 2 , De Maria Salvatore 1 , 

Dardo Giuseppe 1 , Pontoni Ludovico 1 , and Chidichimo Giuseppe 2 

'Department of Biochemistry and Biophysics “Francesco 
Cedrangolo”, Second University of Naples, Naples, Italy 
department of Chemistry, University of Calabria, 

Arcavacata di Rende, Italy 

Proton magnetic resonance ('H-NMR) Spectroscopy analysis of 
amino acids in urine and serum has been widely used for diagnosis 
and follow up of several inborn diseases. This aim was accomplished 
even on a “fingerprint” basis, without precise quali/quantitative 
analysis, in that many of such pathologies generate huge accumula¬ 
tion of amino acids and/or derivatives in the NMR spectrum so that 
very accurate quantitations were not required. 

On the other hand, in more recent years, several studies have been 
devoted to the improvement of NMR techniques in order to increase 
accuracy of quantitation of urine components. Computer-aided esti¬ 
mation of up to hundreds of metabolites, including amino acids as 
well as robust pattern recognition methods of analysis of complex 
'H-NMR spectra are now available, so that research in metabonomics 
has come into the topic. Moreover, NMR “medium field” spec¬ 
trometers up to 300 MHz, have become available at lower prices, 
easily affordable for any research and/or hospital institution. 

Our efforts have been devoted to assess the utilization of 'H-NMR 
analysis, in particular in estimating the normal amino acid content in 
urines, within the frame of 'H-NMR multi-componental urinalysis, 
using and comparing 300 as well as 500 MHz spectrometers. For this 
purpose simple “home-made” computer programs have been used as 
opposed to more sophisticated ones. This study was run on a wide 
population of healthy subject urines, thus allowing us to calculate 
normal 'H-NMR values of amino acids and derivatives with respect to 
creatinine content, estimated by 'H-NMR as well. 

Based on the obtained results, routine use of affordable medium 
field spectrometers can be proposed as a powerful tool for metabo¬ 
nomics and amino acid analysis of urine, and, similarly, of other 
biological fluids such as serum, cerebro-spinal fluid and others as 
well. 
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L-arginine and L-citrulline: production technology 
in genomic era 

Masato Ikeda 

Shinshu University, Nagano, Japan, m_ikeda@shinshu-u.ac.jp 

L-Arginine, a semi-essential amino acid, has lately attracted consid¬ 
erable attention because the amino acid has been shown to be a 
precursor to nitric oxide (NO), a key component of endothelial- 
derived relaxing factor. Because of L-arginine’s NO-stimulating 
effect, the amino acid helps, for example, to relax and dilate blood 
vessels, and thus can be utilized in numerous clinical areas. On the 
other hand, L-citrulline, a precursor of L-arginine biosynthesis, is also 
an important amino acid for our health since it is a source of 
endogenous L-arginine in the body. These two L-amino acids are 
produced by fermentation using classically derived regulatory 
mutants of Corynebacterium glutamicum, a representative amino 
acid-producing microorganism. 

We previously developed a methodology to reengineer a more effi¬ 
cient producer using knowledge regarding the mutations that have 
accumulated over years of industrial strain development. In this 
methodology, biotechnologically useful mutations identified through 
the genome analysis of classical mutants are systematically intro¬ 
duced into the wild-type genome in a pinpointed manner, thus 
allowing creation of a defined mutant that carries only useful muta¬ 
tions. Furthermore, with the accumulated knowledge on mutations 
relevant to production, it becomes possible to combine positive 
mutations derived from different lines of classical producers in a 
single wild-type background. Such an advanced approach has recently 
led to an impressive result in production of L-arginine and L-citrulline 
by C. glutamicum. The procedure and impact of this reengineering 
methodology are described here. 

Acknowledgments: This work has been arranged mainly based on 
the research fruits conducted with my co-workers, S. Mitsuhashi, J. 
Hayashi, K. Tanaka of Kyowa Hakko Bio Co. 


Molecular ontology of essential amino acid transport 

Dmitri Boudko 

Rosalind Franklin University, Chicago Medical School, Chicago, 

IL, USA 

18 L-amino acids, ahiral glycine, and imino proline comprise the 
proteinogenic foundation of Life. They also serve as principal carriers 
of fixed nitrogen between cells of organisms and between organisms 
in nutrient chains of the Biosphere. Small amino acids are ubiqui¬ 
tously biogenic, but syntheses of the ~ 10 most metabolically 
expensive in bacteria and plants large aliphatic and aromatic amino 
acids were lost in eukaryotic heterotrophs, which must transport these 
essential substrates against thermodynamically unfavorable perme¬ 
ability and gradients. Surprisingly, the analysis of the anticipated 
transport network for essential amino acids is fragmented in mammals 
and virtually absent in the rest of the animal Kingdom. Using bio¬ 
informatics and molecular biology approaches we have identified, 
cloned, and heterologously expressed a representative set of NAT- 
SLC6s (Nutrient Amino acid Transporters of the Neurotransmitter 
Sodium Symporter family, NSS, a.k.a. SNF and SLC6) from selected 
invertebrate model organisms. In addition to mammalian BO system¬ 
like broad spectra transporters, we have identified transporters with 
selectivity for phenylalanine/phenol-branched, tryptophan/indole- 
branched, or methionine/cysteine/sulfur-containing substrates, toge¬ 
ther absorbing the most underrepresented essential amino acids. The 
NATs are localized ubiquitously but over-expressed in the apical 


membrane of the posterior gut and specific neurons of the brain. The 
consensus of identified biological characteristics implies that these 
NATs evolved to transport essential and conditionally essential amino 
acids. Expansions of NATs’ phenotypes and their shaping of meta¬ 
zoan transport mechanisms and metabolism of essential amino acids 
will be discussed. 

Acknowledgments: Supported by NIH/NIAID AI030464. 

Low urinary serine in a group of subjects screened 
for inherited metabolic disorders 

E. Marklova 1 , M. Ulrychova 2 , and Z. Albahri 1 

'Department of Pediatrics, Faculty of Medicine, Charles 
University, Hradec Kralove, Czech Republic 
2 Clinical Chemistry, Faculty of Medicine, Charles University, 
Hradec Kralove, Czech Republic 

Objectives: L-Serine (Ser)-deficiency disorders comprise a new group 
of potentially treatable neurometabolic diseases caused by defects in 
the Ser biosynthesis, associated with congenital microcephaly, psy¬ 
chomotor retardation and seizures. Low plasma (or combined with 
low urine) Ser levels have also been demonstrated in other conditions. 
Isolated absence or very low Ser in urine without any abnormalities in 
the plasma, however, has never been reported. 

Methods: Our four decades practised screening strategy for detec¬ 
tion of amino acid abnormalities starts with 2D TLC on cellulose 
and follows (when necessary) with quantitative analysis (cation- 
exchange chromatography, CZE and RP HPLC were used in course 
of time). 

Results: No Ser has been detected on TLC aminogram from urine of 
several subjects (often hypotonic, mentally or motorically retarded with 
seizures and other symptoms). Contrary to normal plasma concentra¬ 
tions, very low urinary Ser levels (in some cases namely those of D-Ser) 
were confirmed by quantification. Concentrations of other amino acids, 
organic acids and saccharides did not deviate from reference ranges. 
Cerebrospinal fluid was not available. Gastrointestinal or renal prob¬ 
lems were not found; effect of therapy is not probable. More then 30 of 
such patients including two adults (related partners) have been detected 
in the last 5 years; reasonable elucidation still fails. 
Acknowledgments: Supported by a grant from Ministry of Health, 
Research Project No. 00179906. 


Amino acids 

The influence of disposal technology obtained 
with alkaline treatments on n-amino acid content 
of slaughter waste 

Katalin Loki', Sanja Kalambura 2 , Gabriella Pohn 1 , Csilla Albert 3 , 
and Janos Csapo 1,3 

'Department of Chemistry and Biochemistry, Faculty of Animal 
Science, University of Kaposvar, Kaposvar, Hungary 
Agricultural Faculty, University of Zagreb, Zagreb, Croatia 
department of Food Science, Sapientia Hungarian University of 
Transylvania, Csrkszereda Campus, Tirgu-Mures, Hungary 

In our experiment change in D-amino acid content of alkaline treated 
slaughterhouse waste material was examined. Originally, the aim of 
the treatments was to find out whether it is possible to destroy 
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microorganisms and other harmful materials possibly being present, 
and by this to make meat flour suitable for foddering purpose. The 
treatments were carried out with sodium and potassium hydroxide 
solution for 2, 3 and 6 hours at 135, 150 and 153°C. D-Asp, d-G1u-, 
and D-Trp content was determined using a Hitachi Merck LaChrom 
HPLC, while D-allo-Ile content was determined by an Ingos amino 
acid analyzer. In case of Trp the hydrolysis was carried out with 3 M 
p-toluenesulfonic acid in the presence of 3-indolyl propionic acid at 
110 ± 2°C. For the rest of the amino acids 6 M hydrochloric acid was 
applied for the hydrolysis at the same temperature. Summarized, it 
can be said that due to the temperature and alkali combinations 
applied 40-50% of aspartic acid, tryptophan and isoleucine converted 
into the D-isomers. Even though other parameters of the obtained 
hydrolyzed products meet the requirements of the modem foddering, 
it should he taken into consideration that most of the amino acids 
undergo a complete racemization. 

Trace determination of thioglycolic acid 
and thiosulphate using novel inhibitory kinetic 
spectrophotometric method 

Surendra Prasad 

School of Chemical Sciences, Faculty of Science, Technology 
and Environment, The University of South Pacific, Suva, Fiji 

Sulphur containing compounds such as sodium thiosulphate (STS), 
thioglycolic acid (TGA) inhibit the rate of cyanide substitution by 
nitroso-R-salt (NRS) in hexacyanomthenate(II) catalysed by Hg(II) 
ions due to their strong binding tendencies with Hg(II) catalyst. This 
inhibitory effect of sodium thiosulphate and thioglycolic acid is used as 
the basis for their determination at micro levels. The reaction was fol¬ 
lowed spectrophotometrically at 525 nm (/ max of [Ru(CN) 5 NRS] 3_ 
complex) under optimised reaction conditions at 8.75 x 10 _ M 
[Ru(CN)<b, 3.50 x 10“ 4 M [NRS], pH 7.00 ± 0.02, ionic strength 
(ji) 0.1 M (KC1) and temp 45.0 ± 0.1 °C. The modified mechanistic 
scheme is proposed to understand the inhibition caused by sulphur 
containing compounds (STS and TGA) on Hg(II) catalyzed substitution 
of cyanide by NRS in [Ru(CN) 6 ] 4_ . The range of analytical concen¬ 
tration of inhibitor depends upon two factors; the amount of Hg(H) 
catalyst present in the indicator reaction and the stability of the Hg(H)- 
inhibitor complex under consideration. Under optimum conditions STS 
and TGA have been determined in the range of 0.98-7.0 x 10 _6 Mand 
0.30-7.0 x 10 -6 M. The detection limits for STS and TGA were found 
to be 3.0 x 10 -7 M and 4.5 x 10 -7 M, respectively. 

Spectroscopic study on interaction of human 
lactoferrin with lomefloxacin at physiological 
condition 

N. Tafrishi 1 , M. R. Bozorgmehr 2 , and J. Chamani 3 

'Department of Biology, Faculty of Science, Islamic Azad 
University-Science and Research Branch, Tehran, Iran, 
nedal 563 @yahoo.com 

department of Chemistry, Faculty of Science, Islamic Azad 
University-Mashhad Branch, Mashhad, Iran 
department of Biology, Faculty of Science, Islamic Azad 
University-Mashhad Branch, Mashhad, Iran 

Lactoferrin (Lac) is an iron-binding protein that is closely related 
to the plasma iron-related protein transferring. It is a 673 amino 


acid Fe 3+ binding glycoprotein. It is a single-chain glycoprotein 
with a molecular weight of 80 kDa. Quinolones are a group of 
compounds widely used as broad-spectrum antibacterial agents. 
They derived from nalidixic acid. Lomefloxacin (LMF) is one of 
the synthetic antibacterial in the third generation which exhibit 
high activity against a broad spectrum of gram-negative through 
inhibition of their DNA gyrase. It is used to treat respiratory tract, 
urinary tract and skin structure infections. Lactoferrin and lome¬ 
floxacin were dissolved in Tris-buffer, at room temperature. The 
concentration used of Lac was 6.25 x 10 -9 mol/1. Fluorescence- 
quenching measurements have been widely used to study the 
interactions of drugs with proteins. This method can reveal 
accessibility of quenchers to protein fluorophore, help to understand 
protein binding mechanisms to compounds and provide a clue to 
the nature of the binding phenomenon. The excitation wavelength 
was set at 280 and 295 nm respectively. Wavelength of 280 nm 
excites the tryptophanyl and tyrosyl residues while 295 nm excites 
only the tryptophanyl residues. When excited at 280 nm, Lac gives 
rise to emission spectra in the range of 290-370 nm with 2 max at 
328 nm. Under the similar condition, the fluorescence has been 
observed for LMF alone in the range of 350-550 nm. Further 
addition of LMF into Lac solution resulted in the decrease of the 
protein fluorescence intensity. The fluorescence quenching indicated 
the binding of LMF to Lac resulted in microenvironment change of 
tryptophan and tyrosine residues. The fluorescence quenching 
behavior in the system of LMF and protein could be analyzed by 
the Stem-Volmer equation. The K sv values of Lac-LMF complex 
at different pH (5.4, 6.4, 7.4, 8.4 and 9.4) have been calculated and 
compared with together. Circular dichroism spectroscopic technique 
showed that the secondary structure of Lac was been changed on 
interaction with LMF. 


Research on hydrolysis technology and reaction 
kinetics for amino acids production from fish waste 
in suh-critical water 

Zhu Guangyong, Zhu Xian, Qian Jing, Zhu Chao, Ma Yanhua, 

Liu Xiaolei, Shen Yiqing 

Department of Chemical Engineering, School of Environment 
and Chemical Engineering, Shanghai University, Shanghai 
201800, People’s Republic of China, xzhu@staff.shu.edu.cn 

The hydrolysis technology and reaction kinetics of amino acids 
production from fish waste in subcritical water by adding carbon 
dioxide has been conducted. The effects of reaction temperature, 
time, amount of CO2 and pressure (adding N2) on the yield of 
amino acids were investigated respectively. The experiment results 
show that the optimum hydrolysis conditions for amino acids 
production from fish waste are as follows: temperature 513 K, 
amount of CO2 5.0 MPa, amount of N2 3.0 MPa and reaction time 
18 min. Under this condition, the yield of amino acids can reach 
31.53%. The chemical reaction kinetics experiment results indicate 
that the total velocity constants of fish waste hydrolysis in sub- 
critical water are 0.036, 0.071, 0.14, 0.33 at 493, 513, 533, 553 K 
respectively with the amount of C0 2 of 4.9 MPa and pressure 
(adding N 2 ) of 3.0 MPa. The reaction kinetics order is 1.28, active 
energy is 82.75 kj/mol and the pre-exponential factor is 
1.97 x 10 7 . 

Acknowledgments: The authors are grateful to the financial sup¬ 
ports received from National Natural Science Foundation of China 
(50578091), Shanghai Leading Academic Disciplines (S30109) and 
Creative Fund for Postgraduate students of Shanghai University. 
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Bioinformatics 

Rationalizing the selection of empirical reference 
data to benchmark B-cell epitope prediction 
for peptide-based vaccine design 

Salvador Eugenio Caoili 

Department of Biochemistry and Molecular Biology, 

College of Medicine, University of the Philippines Manila, 

Manila, Philippines, badong@post.upm.edu.ph 

B-cell epitope prediction, which supports the design of peptide- 
based vaccines, has largely been benchmarked using empirical 
reference data acquired by probing antiprotein antibodies for cross¬ 
reactivity with peptide antigens. The results thus obtained generally 
suggest underperformance of available methods for B-cell epitope 
prediction, notably those based on sequence profiling with amino 
acid propensity scales; however, these results are of uncertain 
relevance to the design of peptide-based vaccines, for which the 
appropriate empirical reference data are those acquired by probing 
antipeptide antibodies for cross-reactivity with protein antigens. 
Furthermore, closer consideration of peptide-based immunogens 
and the antibody responses that they elicit reveals potential com¬ 
plications in the benchmarking process, which are appreciated in 
relation to the phenomenon of immunodominance, the impact of 
immunization with peptide-protein conjugates, and the distinction 
between genuine and apparent cross-reactivity of antipeptide anti¬ 
bodies with protein antigens. The caveats disclosed by this analysis 
highlight the importance of judicious selection of empirical refer¬ 
ence data to benchmark B-cell epitope prediction for peptide-based 
vaccine design. The selection process should favor data acquired 
using antibodies raised against unconjugated peptides that closely 
resemble segments of their cognate protein antigens in terms of 
both amino acid sequence and distribution of electrical charge; in 
addition, evidence of antibody-modulated protein activity could be 
required to confirm positive cross-reactivity as genuine rather than 
apparent, and the absence of detectable binding of antibody to 
protein in a fluid-phase immunoassay could be required to confirm 
negative cross-reactivity (thus avoiding the problem of adsorption- 
induced inaccessibility to antibody that arises in solid-phase 
immunoassays). 


Interpro: using protein signatures to decipher 
the function of the human proteome 

J. S. McDowall and S. Hunter 

EMBL-EBI, Wellcome Tmst Genome Campus, Hinxton, 

Cambridge CB10 1SD, UK 

The human proteome currently stands at 25,635 proteins. Of these, 
20,332 are curated in the UniProtKB/SwissProt database. For the 
remainder (66,734 UniProtKB/TrEMBL entries, including redun¬ 
dancies), there is a pressing need for elucidating functional 
information that goes beyond the capabilities of experimental work 
alone. Computer algorithms that take into account sequence identity, 
structural similarity and phylogenetic tree distribution are invaluable 
for protein function prediction. 

InterPro (http://www.ebi.ac.uk/interpro/) is an open-source pro¬ 
tein resource combining ten signature databases (PROSITE, 
PRINTS, PFAM, PRODOM, SMART, TIGRFAMs, PIR- 


SUPERFAMILY, PANTHER, GENE3D, SUPERFAMILY) into a 
powerful diagnostic tool. InterPro provides comprehensive annota¬ 
tion on function, structure, splice variation, taxonomic distribution 
and hierarchical classification of proteins from all organisms. Pro¬ 
tein signatures model amino acid conservation in known families or 
domains, then use this information to predict the classification/fea¬ 
tures of uncharacterised proteins. With ~ 60,000 signatures, InterPro 
provides annotation for ~ 80% of all UniProtKB sequences, there¬ 
fore even SwissProt-curated proteins can gain additional annotation. 
By Unking related signatures together, InterPro places them within a 
hierarchical classification, reflecting underlying evolutionary rela¬ 
tionships. As such, one can address issues such as the co-evolution 
of domains, and the functional divergence of proteins based on 
domain composition. 

InterPro can be used to analyse the human proteome as a whole, 
providing information on the occurrence of specific domains, and the 
distribution of functional roles (e.g. enzymatic, structural...). InterPro 
is a useful source of experimental targets, highlighting which groups 
of related proteins lack structural or functional information. With its 
multi-layered approach, InterPro is a valuable resource for biologists 
and bioinformaticians alike. 

Bioinformatics combined with epitope extraction 
technique: Excellent tool for structural analysis 
of potential allergenic epitopes 

Barbora Jankovicova 1 , Pavlina Rezacova 2 , Marcela Slovakova 1 , 
Zuzana Zverinova 1 , Sarka Rosnerova 1 , and Zuzana Bilkova 1 

'Department of Biological and Biochemical Sciences, 

University of Pardubice, Pardubice, Czech Republic, 
Barbora.Jankovicova@upce.cz 

department of Structural Biology, Institute of Molecular 
Genetics, Academy of Sciences of the Czech Republic, Prague, 
Czech Republic 

Bioinformatics is the branch of life science concerned with applica¬ 
tion of information technology to the field of molecular biology. The 
immune system represents a large scientific field where bioinfor¬ 
matics make a large impact. The immune system reacts to foreign 
protein segments called epitopes and a major task is to develop 
methods for their prediction and identification usable eventually in 
vaccine design and diagnosis. 

This study was focused on identification of allergenic epitopes of 
food allergens. We applied bioinformatics tools for structural study of 
the ovalbumin fragment 371-382, which was identified as potential 
allergenic epitope by using microfluidic magnetic force-based epitope 
extraction technique (J Chromatogr A 1206:64-71, 2008). The loca¬ 
tion and accessibility of this fragment were determinate by aligning 
linear peptide sequence to the 3D allergen structure. 

Position of the fragment in 3D structure of ovalbumin shows that 
residues 377-382 are part of the C-terminal anti-parallel //-sheet in 
the core of the protein structure and residues 371-376 form a loop 
connecting with no particular secondary structure, which is exposed 
to the protein surface. Detailed analysis was also performed to 
quantify the solvent accessibility of individual residues in the pep¬ 
tide. Observed results confirmed partial accessibility of target 
fragment to immune system, associated with potential induction of 
allergic reaction. This approach is suitable for detection of signifi¬ 
cant immunogenic epitopes for subsequent application in clinical 
practice. 

Acknowledgments: This work was supported by the E. C. project 
NeuroTAS No. 037953, the Ministry of Education of Czech Republic 
(MSMT 0021627502) and by Czech Science Foundation (GA203/08/ 
1536). 
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Attempt of stoichiometric extension of amino acid 
metabolism-related model metabolic network 

Jun Ohta 

Okayama University, Okayama, Japan 

Whilst genome information is available in many organisms, there are 
genes function of which has not been elucidated, indicating that enzyme 
reaction as novel gene function may be found. We have proposed to 
extend metabolic network based on stoichiometry of enzyme reaction as a 
strategy to find candidates of new enzyme reaction. The resulting 
extended network is composed of the original real reactions and hypo¬ 
thetical reaction to be considered as a candidate of new enzyme reaction. 
This presentation shows concept and status of this method and attempt to 
apply this to model metabolic network related to amino acid metabolism. 

PROFESS : protein /unction, evolution, structure 
and sequence 

Thomas Triplet 1 , Matthew D. Shortridge 2 , Peter Revesz 1 , 

Mark A. Griep 2 , and Robert Powers 2 

'Department of Computer Science and Engineering, University 
of Nebraska-Lincoln, Lincoln, NE, USA, revesz@cse.unl.edu 
department of Chemistry, University of Nebraska-Lincoln, 

Lincoln, NE, USA 

The proliferation of biological databases and the easy access enabled 
by the Internet is having a beneficial impact on biological sciences 
and transforming the way research is conducted. Current biological 
databases present many types of problems, from poorly defined user- 
interfaces to limited and error-prone search options. We introduce the 
protein /unction, evolution, .structure and sequence (PROFESS) 
database, a genome biology database system to assist in the functional 
and evolutionary analysis of the abundant number of novel proteins 
generated by sequencing and structural projects. The database will aid 
in the study of protein evolution and annotation by linking organism 
with protein orthologous function, protein structure and classification, 
gene ontology, protein interactions, hound ligands and metabolic 
pathways, etc. Our database is designed to be versatile and expand¬ 
able and will not confine analysis to a pre-existing set of data 
relationships. A fundamental component of this approach is the 
development of an intuitive functional-style query system that 
incorporates a variety of similarity operators capable of generating 
data relationships not conceived during the creation of the database. 
PROFESS currently integrates over thirty system biology database 
tables and is implemented using MySQL and AJAX. PROFESS is 
freely available online at http://cse.unl.edu/ ~ profess/. 

Comparison of NRC-2001 model with DYE/OEB 
system in the prediction of protein value from 
different types of bioethanol co-products (DDGS) 

Peiqiang Yu and Waldo G. Nuez Ortin 

Department of Animal and Poultry Science, College 
of Agriculture and Bioresources, University of Saskatchewan, 
Saskatoon, SK, Canada, peiqiang.yu@usask.ca 

The NRC-2001 model is a TDN-based model popularly used in North 
America. The DVE/OEB system is a Non-TDN based model. Both 
models introduced the new concepts of: (1) metabolizable protein, 
defined as true protein that is absorbed by the intestine, and contributed 


by ruminally undegraded feed protein, ruminally synthesized microbial 
protein, and endogenous protein from rumen; (2) Rumen protein deg¬ 
radation balance reflects the difference between the potential microbial 
protein synthesis based on ruminally degraded feed protein and that 
based on energy available for microbial fermentation in the rumen. 

The objective of this study was to compare the TDN-based NRC- 
2001 Model with the non-TDN based DVE/OEB system in the pre¬ 
diction of protein degradation balance and protein supply to dairy 
cattle from 17 different types of Dry Distillers Grains with Solubles 
(DDGS) and feedstocks. 

Comparisons were made in terms of: (a) ruminally synthesized 
microbial protein (AMCP); (b) ruminally undegraded feed protein 
(ARUP); (c) endogenous protein (AECP); (d) total metabolizable 
protein (MP); and (e) degraded protein balance (DPB). 

The modelling results showed that there were no correlation in 
AMCP estimation ( P > 0.05; R = 0.28), but strong correlations in the 
prediction of AECP (P < 0.001, R = 0.72), ARUP (P < 0.001, 
R = 1), MP (P < 0.001, R = 0.99) and DPB (P < 0.001, R = 0.97) 
between the NRC-2001 and DVE/OEB system. 

However, using the DVE/OEB system, the overall average micro¬ 
bial protein supply based on available energy was 5% higher, 
endogenous protein 17% higher, ruminally undegraded feed protein 
10% higher, and the truly absorbed protein in the small intestine was 4% 
higher than that predicted by the NRC-2001 model. There was not much 
different in degraded protein balance prediction (only 0.3% difference) 

No much difference was also found in the prediction of the 
degraded protein balances, which was only 0.3% higher than that 
estimated from the NRC-2001 model. 

These differences are due to factors used in prediction in the two 
models, although both are based on similar principles. This indicates 
that further refinement is needed for a modem protein evaluation and 
prediction system. 


Biology and microbiology 

Molecular mechanism of growth inhibition 
of Escherichia coli by L-cysteine 

Iwao Ohtsu, Natthawut Wiriyathanawudhiwong, 
and Hiroshi Takagi 

Graduate School of Biological Sciences, Nara Institute of Science 
and Technology (NAST), Nara, Japan 

Redox equilibrium (a balance between oxidized and reduced states) 
governs many essential biological processes in the cell. It is well known 
that Escherichia coli cells undergo growth inhibition by L-cysteine, 
which is a serious problem in L-cysteine fermentation. In our previous 
report, the rf.sM-disrupted E. coli cells showed hypersensitivity to L- 
cysteine and DTT. Here, we found that the disulfide isomerase DsbA is 
reduced by exogenous L-cysteine, and then the outer membrane protein 
OstA, which is essential for growth of E. coli, was also accumulated in a 
reduced state. In contrast to the reduced DsbA, L-cysteine is oxidized to l- 
cystine, and is taken up from the periplasm to the cytoplasm of E. coli cell 
by the inner membrane protein FliY that is most similar to the L-cystine 
binding protein BspA from Lactobacillus fermentum. We concluded that 
the DsbA-DsbB-ubiquinone oxidation system might eliminate reductive 
stress by oxidizing exogenous reductants and also play an important role 
in redox homeostasis in the cytoplasm. Furthermore, we showed that E. 
coli cells were tolerant to hydrogen peroxide, since the YdeD protein 
transports intracellular L-cysteine into the periplasm. We propose that the 
L-cysteine/L-cy stine circulating system is essential for the protection of E. 
coli cells from reductive or/and oxidative stress (es). 
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Overexpression, purification and characterisation 
of a short chain alcohol dehydrogenase (HpSCADH) 
from Helicobacter pylori 

K. Alka, Denise Comally, Henry J. Windle, 
and Gary T. M. Henehan 

School of Food Science and Environmental Health, Faculty 
of Tourism and Food, Dublin Institute of Technology (DIT), 
Marlborough Street, Dublin 1, Ireland 

A short chain alcohol dehydrogenase is one of three alcohol oxidising 
enzymes identified in the annotated genome of H. pylori 26695. Two of 
these were previously characterised in this laboratory. They were found 
to have broad specificity for a range of aromatic aldehydes/alcohol 
substrates. The short chain alcohol dehydrogenase (HpSCADH) is of 
particular interest since its characterisation will provide a complete 
picture of aldehyde reducing enzymes in this bacterium. Aldehyde 
detoxification in H. pylori is of interest since toxic aldehydes have been 
implicated in the pathogenesis of H. pylori related damage to the gastric 
mucosa. The HpSCADH gene was cloned and expressed in Escherichia 
coli as a His-tag fusion protein, and purified using nickel chelate 
chromatography. A protocol to purify a stable preparation of this protein 
was devised. The enzyme is a monomer of approximately 29 kDa. 
HpSCADH can function over a pH range of 6-9, and has temperature 
optimum of 37°C. Preliminary data show that this enzyme has a pref¬ 
erence for NAD + over NADP + and that it is active with a range of 
aliphatic alcohol substrates. HpSCADH was classified as classical short 
chain alcohol dehydrogenase based on the sequence alignment studies. 
Application of this enzyme in asymmetric synthesis will be explored. 


A culture medium of chitinolytic bacteria evaluated 
by colloid chitin azure 

Chia-Rui Shen 1 , Yu-Sheng Chen 2 ’ 3 , Pei-Tzu Wu 4 , 

Jeen-Kuan Chen 5 , and Chao-Lin Liu 2 ' 3 

'Graduate Institute and Department of Medical Biotechnology 
and Laboratory Science, Chang Gung University, Kweishan, 
Taoyuan, Taiwan 

2 Graduate School of Engineering, Mingchi University of 
Technology, Taishan, Taipei, Taiwan 

3 Graduate School of Biochemical Engineering and Department of 
Safety, Health and Environmental Engineering, Mingchi 
University of Technology, Taishan Taipei, Taiwan 
department of Business Development, Sun Ten Phytotech Co., 

Ltd., Taipei, Taiwan 

department of Environment and Biotechnology, Refine and 
Manufacture Research Center, Chinese Petroleum Company, 

Chiayi, Taiwan 

Chitin and its derivatives are widely used as biomedical materials on 
account of their versatility and biocompatibility. Chitinases are 
enzymes that produce chito-oligosaccharides from chitin. The assay of 
chitinase activity is difficult, because few appropriate substrates are 
available. In this study, we develop an efficient and low-cost chitinase 
assay using colloidal chitin azure. The assay feasibility is evaluated and 
compared with traditional assays employing colloidal chitin and chitin 
azure. We found that the optimum pH for determination of chitinase 
activity using colloid chitin azure was pH 8. The method was sensitive, 
and the assay was complete within 30 min. When the assay was used to 
measure chitinase activities produced by two strains of chitinolytic 
bacteria, BCTS and AS1, it was shown that cultivation in BHS medium 
caused AS 1 to secrete a higher level of chitinase than was secreted when 


the bacterium grew in other media. In summary, the effect of culture 
medium can be evaluated with colloid chitin azure. 


Enzymatic hydrolysates from marine organisms 
of the Barents sea 

V. Yu. Novikov and V. A. Mukhin 

Knipovich Polar Research Institute of Marine Fisheries 

and Oceanography (PINRO), Murmansk, Russia, nowit@pinro.ru 

The cycle of biochemical and technological studies on search of 
objective criteria for assessment of marine hydrobionts hydrolysis 
efficiency and choice of optimum protein raw materials is presented. 
A number of original technological decisions for production of 
enzymatic protein hydrolysates for microbialogic, nutritional and feed 
assignment is offered. 

Various waste of a marine catch and processing, and also 
invaluable trade kinds of hydrobionts of Barents sea are considered as 
potential raw materials. 

In work the characteristics of raw materials and prepared 
hydrolysates, the approach to selection of enzymatic preparations 
with definition of optimum hydrolysis conditions are shown. Effect of 
various factors (pH, temperatures, concentrations of enzyme) on 
kinetics and degree of hydrolysis of protein-containing raw material is 
considered in detail. 

The kinetics of change of protein hydrolysates contents during 
incubation is analyzed by the exclusion chromatography HPLC and 
electrophoresis, and also by definition of amino acid composition and 
the contents of free amino acids in a hydrolysate. 

On the basis of results of these researches the criteria of assess¬ 
ment for protein hydrolysis efficiency with application of such 
methods as gravimetric, spectral, gel-filtration, contents definition 
amine and nonprotein nitrogen, free amino acids are offered. 

Possibility of usage for hydrolysis low-cost proteolytic preparation 
from hepatopancreas of King crab and the enzymes extracted from it, 
instead of commercial enzymatic preparations, is convincingly proved. 

In the report results of experimental approbation of the prepared 
enzymatic protein hydrolysates as part of microbialogic media, 
feedstuffs for young growth of chickens and starting feedstuffs for 
salmon are fetched. 


Medicine 


Hemorphin-7 peptides metabolism in diabetes 

Ingrid Fruitier-Amaudin 

Departement de Biotechnologies, Universite de La Rochelle, 

Poles Sciences et Technologie, Batiment Marie Curie, 

La Rochelle, France, ifruitie@univ-lr.fr 

Low circulating VVH7-like immunoreactivity (WH7 i.r) level was 
amazingly observed in human diabetic sera. Here, we examined the 
impact of diabetes type, clinico-biological features and metabolic control 
on circulating VVH7 i.r level in this disease. ELISA test was used to 
measure VVH7 i.r in sera of 120 diabetic patients (type 1 diabetes in 64, 
type 2 diabetes in 56). Three enzymatic tests were also applied to 
determine serum cathepsin D (CD), dipeptidyl peptidase IV (DPP-IV) 
and angiotensin converting enzyme (ACE) activities. A subgroup of 24 
type 1 diabetic patients negative for microalbuminuria and hypertension 
were submitted to an ambulatory blood pressure monitoring to evaluate 
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the relationship between VVH7 i.r level and blood pressure parameters. 
The mean serum concentration of VVH7 i.r was drastically reduced in 
diabetic patients (0.91 ± 0.93 pmol/1 vs. 5.63 ± 1.11 pmol/1 in con¬ 
trols) (P < 0.001). A negative correlation between VVH7 i.r level and 
daytime diastolic blood pressure existed in type 1 diabetic patients. There 
was no association of low VVH7 i.r with either type of diabetes or HbAlc 
level. An increase of cathepsin D activity was found in serum of diabetic 
patients compared to controls (0.47 vs. 0.15 U/ml respectively) whereas 
DPPIV activity was significandy decreased in diabetic sera (50.81 vs. 
282.10 U/l respectively). Diminution of VVH7 i.r in sera of diabetic 
patients was confirmed but still remained unexplained. Relationships 
between higher systolic blood pressure and decrease of VVH7 i.r rein¬ 
force the need to investigate this pathway in this disease to elucidate its 
role in macro- and micro-angiopathy. 

A pH-sensitive colon targeted oral drug delivery 
system using insulin nanoparticles employing 
chitosan with different molecular weights 
and Eudragit L100-55 

Mitra Jelvehgari 1 ’ 2 , Parvin Zakeri 1,2 , Hadi Valizadeh 1,2 , 

Mohammad Reza Siahi 1,2 , Ali Nokhodchi 1 ’ 3 , 

Famaz Monajemzadeh 1 , and Zahra Azari 1 

'Department of Pharmaceutics, Faculty of Pharmacy, Tabriz 
University of Medical Sciences, Tabriz, Iran 
2 Drug Applied Research Center, Tabriz University of Medical 
Sciences, Tabriz, Iran 

3 Medway School of Pharmacy, Universities of Kent 
and Greenwich, Central Ave., Chatham Maritime, 

ME4 4 TB, Kent, UK 

The objective of the present study was to develop a novel pH-sensitive 
nanoparticle system that was suitable for entrapment of hydrophilic 
insulin. Eudragit L100-55 was used as anegatively charged polymer for 
preparation of four insulin nanoparticles. Chitosan was incorporated as 
a positively charged material, and consisting of three different molec¬ 
ular weights. The mean diameters were in the range 600-700 nm, and 
loading efficiencies from 40-80%. Higher encapsulation efficiency was 
obtained with nanoparticles prepared with high molecular weight of 
chitosan. Different molecular weights of chitosan were the factor which 
influenced the nanoparticles significantly. The results also demon¬ 
strated that Eudragit L100-55 and chitosan can he successfully used for 
colon targeted delivery of insulin and the formulation can be adjusted to 
deliver drug at any other desirable site of the intestinal region of the GI 
tract. When increasing the molecular weight of chitosan, the release 
appeared more controlled and prolonged up to 8 h. The modeling data 
indicated that the release kinetics of insulin was nonlinear, and during 
the release process, the nanoparticles showed a polynominal swelling. 
This new pH-sensitive nanoparticle formulation using chitosan and 
Eudragit L100-55 polymer may provide a useful approach for entrap¬ 
ment of hydrophilic polypeptides like insulin. 


Biomarker development for personalized medicine 

Tadashi Kondo 

Proteome Bioinformatics Project, National Cancer Center 
Research Institute, Tokyo, Japan 

Cancer is a diverse disease, and the present clinical and pathological 
diagnostic modalities have obvious limitations. The next level of 


molecular diagnostics using novel biomarkers has been desired to 
optimize the existing therapeutic strategy. As proteome is a functional 
translation of genome, directly regulating cancer phenotypes, proteo- 
mic approach should be effective in biomarker development. To 
investigate proteome contents in surgically resected tumor tissues, we 
established one of the largest proteomic laboratories at the National 
Cancer Center. Our proteomics system is based on the application of 
two-dimensional difference gel electrophoresis (2D-DIGE), where 
protein samples are labeled by high sensitive fluorescent dye before gel 
electrophoresis. Our proteomic studies using more than 1,000 tissues 
with clinico-pathological data resulted in the identification of proteins 
corresponding to the response to treatment, early recurrence, and short 
survival period in lung cancer, esophageal cancer, colorectal cancer, 
liver cancer, and soft-tissue sarcoma. Such proteins were considered as 
biomarker candidates for personalized medicine. To establish a clinical 
examination using the identified proteins, we developed monoclonal 
antibodies. Immunohistochemical validation studies in the different 
hospitals confirmed the predictive performance of the biomarker can¬ 
didates. The recent clinical applications of our biomarkers will be 
demonstrated, and the strict limitation and solution for the present 
proteomics approach will be discussed in the presentation. 

Encapsulation of insect sex pheromone via simple 
and complex coacervation of gelatin 

Lina Liu, Xiangling Gu, Xiaoli Zhu, Zhiguo Zhang, 
and Xiang Z. Kong 

School of Chemistry and Chemical Engineering, 

University of Jinan, Jinan, 250022, China 

With insect sex pheromone molecules as core material, natural 
polymers gelatin (GE) and acacia gum (AG) as wall materials, 
microcapsules, aiming as sprayable environment-friendly pesticide, 
were prepared through simple coacervation of GE and complex 
coacervation of GE and AG. Dodecanol (DOC), and oleyl acetate 
(OA) as model molecules for insect sex pheromone, were encap¬ 
sulated to provide credible information on the encapsulation, loading 
and the release control of insect sex pheromones. The optimum 
experimental conditions in simple and complex coacervations were 
first explored. Adequate amounts of ethanol and sodium sulfate, 
both as coacervation inducer in GE simple coacervation, were 
determined. The properties of microcapsules prepared using the two 
coacervation inducers were investigated. Ethanol induced simple 
coacervation resulted in capsules with a lower pheromone molecule 
encapsulation compared with those by sodium sulfate. For GE-AG 
complex coacervation, optimum pH for maximum yield was deter¬ 
mined to be 4.0. Pheromone molecule encapsulation in this complex 
coacervation was higher than those in simple coacervation. And 
DOC encapsulation was significantly enhanced with increase in 
crosslinking of wall materials. Results of the release of the encap¬ 
sulated pheromone molecules at constant temperature (35°C) and 
relative humidity (50%) revealed that all samples from simple 
coacervation reached their final release within one week, whereas 
microcapsules from complex coacervation manifested a two-step 
release profile, i.e. a quick start followed by a steady state release 
till completion. With increase in wall material crosslinking, release 
of the pheromone molecules was slowed down and the constant 
release was prolonged. 

Acknowledgments: Financial supports of this project by National 
Science Foundation of China (Grant 20574031) and Natural Science 
Foundation of Shandong province (Grant Z2004B05), China, are 
acknowledged. 
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Mutation detection of BRCA1 gene from Malaysian 
breast cancer patients by denaturing high 
performance liquid chromatography (DHPLC) 

F. Salih 1 , M. I. A. Mustafa 1 , N. Amjad 2 , and H. Samad 3 

'Department of Basic Medical Sciences, Kulliyyah of Medicine, 
IIUM, Kuantan, Malaysia 

department of Surgery, Kulliyyah of Medicine, International 

Islamic University Malaysia, Kuantan, Malaysia 

3 Breast Centre, Kulliyyah of Medicine, IIUM, Kuantan, Malaysia 

Introduction: Breast cancer is a common malignancy affecting 
women globally. In Malaysia, it constitutes 31% of all newly diag¬ 
nosed female cancer cases. Approximately 50% of the cases occur in 
women under the age of 50 years. A proportion of these cases may be 
attributable, at least in part, to genetic components. Women who carry 
BRCA1 mutations have a probability of about 80% for developing 
breast cancer, and 40 to 60% for developing ovarian cancer during 
their lifetime. 

Aim of study: To screen for germline mutations in BRCA1 gene, in 
breast cancer patients from East Coast Malaysia with either early- 
onset breast cancer (at age < 45 years) or a positive family history of 
breast cancer. 

Materials and methods: Collaborating with the IIUM Breast Centre 
and the Surgery Department at Hospital Tingku Ampuan Afzan 
(HTAA), Kuantan, 40 peripheral blood samples were collected from 
women with either early-onset breast cancer or a positive family 
history of breast cancer. Mutations were detected in exon 11 of 
BRCA1 gene by dHPLC. 

Results: Mutations were detected in 12.5% (5/40) of the patients. 
Three of them were Chinese, one Indian and one Malay. 
Conclusion: This is a preliminary report on germline BRCA1 Exonl 1 
mutation screening. Further study is going on to screen for mutations 
by protein truncation test and DNA sequencing. 


Heat shock protein 90 regulates STAT1 nuclear 
translocation and IL-6 release in angiotensin- 
induced vascular cell hypertrophy 

Ji Hyung Chung, Jaewon Oh, Kyung-Hye Lee, Seok-Min Kang, 
and Yangsoo Jang 

Integrative Research Institute for Cerebral and Cardiovascular 
Diseases and Cardiovascular Research Institute, Yonsei 
University College of Medicine, Seoul, Korea, 
jhchung@yonsei.ac.kr 

Heat shock protein 90 (Hsp90), one of the most abundant proteins in 
the eukaryotic cells, is essential for cell survival. Cellular hyper¬ 
trophy which is characterized increased protein synthesis is critical 
in vascular remodeling associated with hypertension, atherosclerosis, 
and restenosis. Angiotensin II plays a critical role in the cellular 
hypertrophy. However, the role of Hsp90 is largely unknown in 
angiotensin Il-induced vascular smooth muscle cell (VSMC) 


hypertrophy. In this study, we investigated the role of Hsp90 in 
angiotensin Il-induced VSMCs hypertrophy. We observed the 
[ J H]leucine incorporation level and protein/DNA content were 
increased by angiotensin II in a concentration-dependent manner in 
the VSMCs. During that period, nuclear translocation of ST ATI and 
IL-6 secretion were also increased. Interestingly, treatment with the 
Hsp90 inhibitor geldanamycin (GA) significantly abolished the 
angiotensin Il-induced hypertrophy in VSMCs. GA also suppressed 
nuclear translocation of STAT1 and extracellular release of IL-6 in 
angiotensin Il-stimulated VSMCs. Furthermore, treatment of IL-6- 
neutralizing antibody decreased angiotensin H-induced VSMCs 
hypertrophy. However, intracellular delivery of Hsp90 significantly 
restored angiotensin H-induced hypertrophy in VSMCs. These 
results indicate that angiotensin H-induced cellular hypertrophy via 
STAT nuclear translocation following IL-6 secretion and this path¬ 
way can be regulated by modulating Hsp90 activity. So, Hsp90 is 
another target protein for cardiovascular disease, especially vascular 
remodeling. 


Apparent lack of alteration in the expression 
of the scaffold protein PICK1 in the spinal cord 
a rodent model of amyotrophic lateral sclerosis 

Marylene Focant, Stephanie Goursaud, Cedric Boucherie, 
and Emmanuel Hermans 

Laboratory of Experimental Pharmacology, Universite catholique 
de Louvain, Brussels, Belgium 

Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative 
disorder characterized by the progressive and selective loss of 
motoneurons. Glutamate-dependent excitotoxicity is considered as a 
key process in the progression of the disease. Indeed, high levels of 
glutamate are detected in the cerebral spinal fluid of ALS patients, 
consistent with a selective loss of glutamate transporter EAAT2 in 
their spinal cord and motor cortex. Furthermore, a motoneuron spe¬ 
cific defect in the mRNA encoding the ionotropic glutamate receptor 
AMPA subunit GluR2 is thought to enhance motoneuron sensitivity 
to glutamate stimulation. 

The protein interacting with C kinase 1 (PICK1) is a PDZ domain 
containing protein involved in the cell trafficking of several partners 
implicated in the control of glutamate transmission, including GluR2, 
EAAT2b and serine racemase. The aim of this study is to characterize 
the expression of PICK1 expression in a transgenic rat model of ALS 
(hSODl 093 ^. 

Quantitative RT-PCR analyses performed on spinal cord samples 
at different stages (presymptomatic, onset and end-stage) failed to 
evidence any alteration of PICK1 mRNA expression in the transgenic 
rats as compared to wild type animals at the same age. Considering 
the massive loss of neurons and extensive gliosis in the spinal cord of 
the diseased animals, this result raises questions, as PICK1 expression 
is essentially documented in neuronal cells in the CNS. Therefore, 
further immunohistochemical analyses on spinal cord sections should 
help to clarify the cellular and subcellular localization of PICK1 in 
the spinal cord and to examine possible alteration in ALS. 
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Characterization, biodisponibility and biological 
effects of polypeptide fragments from the 
pericellular matrix in tumour progression 

I. Fruitier-Amaudin 1 , N. Heuze-Vourch 2 , D. Feron 1 , 
and B. Clement 3 

*UMR 6250 CNRS-ULR, LIENSS, University of La Rochelle, 
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Cellular microenvironment acts as a reservoir of signals which 
modulate cell behaviour and the progression of tumour. Among 
pericellular matrix components, matrix proteins, including colla¬ 
gens, and recruited plasma proteins play a central role through 
modules whose interactions with membrane receptors activate or 
inhibit signalling pathways involved in proliferation, apoptosis, 
migration, adhesion and differentiation of cells. These modules, 
which can be cryptic, are exposed after conformational changes of 
the parent molecules, particularly through proteases that cleave 
these molecules in polypeptide fragments. Interplays with other 
matrix components, chiefly glycosaminoglycans (GAGs) which 
immobilize and/or present these bioactive polypeptides to their 
receptors constitute a second step of regulation of their biodi¬ 
sponibility. Depicting these mechanisms which occur during 
pericellular matrix remodelling in tumour development should 
allow (1) to better understand the role of the microenvironment in 
tumour progression; (2) to identify putative biomarkers and drug 
targets, less toxic and more specific that current conventional 
chemotherapies. The project aims at studying bioactive modules 
which regulate tumour cell (proliferation/apoptosis) and endothelial 
cell (angiogenesis) behaviour, based on the analysis of collagen 18 
and haemoglobin derived fragments as paradigms; furthermore, 
new bioactive modules will be identified and the role of proteases 
and GAGs in their biodisponibility will be studied. 

Walker tumour’s proteolysis-inducing factor affects 
the vero cells activity in culture and these alterations 
can be modulated by leucine 

Estela M. Gon£alves and Maria Cristina C. Gomes-Marcondes 

Laboratory of Nutrition and Cancer, Department of Physiology 
and Biophysics, Institute of Biology, State University 
of Campinas, UNICAMP, Campinas, SP, Brazil 

Cancer cachexia is characterized by severe body protein wasting. 
Studies investigated this condition by evaluating skeletal muscle 
protein turnover; however, cachexia can also be related to non-skel- 
etal muscle protein depletion. Factors produced by tumour play a 
critical role in wasting during cachexia since host protein degradation 
is affected by proteolysis-inducing factor (PIF) produced by tumour. 
Amino acid leucine is an important cellular signalling, by decreasing 
ubiquitin-proteasome pathway activity in Vero cells and in skeletal 
muscle cells, and by improving total protein synthesis in tumour¬ 
bearing rats. In this study, were investigated the effect of leucine in 
Vero cells exposed to a PIF-like protein purified from ascitic fluid of 
Walker-256 tumour-bearing rat, named Walker factor (WF), evalu¬ 
ating cell viability, alkaline phosphatase enzyme and proteasomal. 


lysosomal and calcium-dependent proteolytic pathways. WF has no 
cytotoxic effect in Vero cells after 24 h incubation, independent of 
leucine exposition. At higher WF concentration (15, 20, and 25 pg/ 
mL) chymotrypsin-like (proteasomal pathway) and cathepsins B and 
H (lysosomal pathway) activities were increased; calcium-dependent 
pathway (calpain activity) did not change compared to the control 
cells, besides trended to decrease at lower WF (1, 3, and 5 pg/mL) 
and to increase at higher WF concentration; similar pattern was 
presented by alkaline phosphatase enzyme, which suggests cellular 
activity. Adding leucine (25 and 50 pM) 2 h previously to the 24 h 
WF exposition, all the proteolytic systems activities were decreased 
and alkaline phosphatase trended to increase. Taken together, these 
results strongly suggest a modulatory effect of leucine under the WF 
effects on Vero cells activity. 


Effects of peripheral glutamate receptors on tumor 
cell growth: liaisons of neurotransmitters and body 
functions 

Helga Susanne Haas 1 , Roswitha Pfragner 1 , Veronika Siegl 1 , 

Beate Rinner 2 , Peter Wolf 3 , and Anton Sadjak 1 
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Glutamate receptors are not only crucial for excitatory neurotrans¬ 
mitter signalling in the central nervous system. In the last years it has 
been unequivocally proven that glutamate receptors are also expres¬ 
sed in peripheral non-excitable cells. Furthermore, it became apparent 
that peripheral glutamatergic signalling differentially modifies the 
proliferation, metabolic cell activity and morphology of tumor cells. 
We could show that ionotropic glutamate receptor reagents affect the 
proliferation of human histiocytic lymphoma-derived U937 cells 
depending on the external glutamate milieu. In addition, treatment 
with the competitive AMPA/kainate receptor antagonist CNQX (6- 
cyano-7-nitroquinoxaline-2,3-dione) resulted in increased enzymatic 
activity of mitochondrial dehydrogenase combined with enlarged 
mitochondria in U937 cells. As to metabotropic glutamate receptors 
(mGluR), we found that several subtype-specific, non-competitive 
mGluRl antagonists decreased the cell growth of different human 
melanoma cell lines. Electron microscopic analyses revealed specific 
morphological changes following administration of mGluRl antago¬ 
nists. Furthermore, we observed that the combined administration of 
an mGluRl antagonist and an established chemotherapeutic drug 
resulted in a stronger cytostatic effect than either treatment alone. To 
confirm mGluRl expression in melanomas we carried out RT-PCR 
analyses and found that all melanoma cell lines tested expressed 
mRNA for mGLuRl, whereas it was not detected in normal mela¬ 
nocytes. Even though the mGluRl antagonists interact with a 
common allosteric site for non-competitive mGluRl antagonists, the 
underlying signalling mechanisms appear to be different. In summary, 
selective non-competitive mGluR antagonists may add by themselves 
and/or by synergistic effects with chemotherapeutic agents to existing 
therapies of cancer possibly leading to a useful therapy for drug- 
insensitive or resistant tumors. 
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The growth hormone affects the brain protein 
synthesis rate in hypophysectomized aged rats 

K. Tujioka 1 , M. Ohsumi 2 , K. Hayase 3 , and H. Yokogoshi 2 
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The purpose of this study was to determine whether the growth 
hormone (GH) affects the rate of brain protein synthesis in hypoph¬ 
ysectomized aged rats. Experiments were conducted on three groups 
of 24-week-old male rats: group 1 were hypophysectomized to reduce 
the level of plasma GH, group 2 were hypophysectomized and treated 
with GH and group 3 were sham-operated controls. The fractional 
rates of protein synthesis in brains of hypophysectomized rats with 
GH were significantly greater than that in hypophysectomized rats 
without GH. In the cerebral cortex and cerebellum, the RNA activity 
[g protein synthesized/(g RNA.d)] significantly correlated with the 
fractional rate of protein synthesis (r > 0.88, P < 0.001). The RNA 
concentration (mg RNA/g protein) was also related to the fractional 
rate of protein synthesis in these organs (r > 0.56, P < 0.05). The 
results suggest that the treatment of GH to hypophysectomized aged 
rats are likely to increase the rate of protein synthesis in the brain, and 
that RNA activity is at least partly related to the fractional rate of 
brain protein synthesis. 


Protein L-isoaspartyl methyltransferase down 
regulates in epithelial mesenchymal transition 
of the breast cancer cells associated with integrin 

Ji-Yeon Ryu, Seok Heo, Moosik Kwon, and Sungyoul Hong 

Department of Genetic Engineering, Sungkyunkwan University, 
Suwon, Korea 

Epithelial-mesenchymal transition (EMT) occurs during embryonic 
morphogenesis by which epithelial cells acquire characteristics of 
mesenchymal cells, appropriate for migration, fibroblast-like prop¬ 
erties and reduced cell-cell adhesion. Recent advances support the 
idea that EMT has a central role in tumor progression. Protein 
methylation reactions utilize methyl groups derived from dietary 
donors by the action of methyltransferases. Protein L-isoaspartyl O- 
methyltransferase (PIMT, EC 2.1.1.77) is known to repair damaged 
proteins which have accumulated abnormal aspartyl residues during 
cell aging. Recent studies show PIMT levels were regulated by cell 
adhesion in various cancer cell lines involving the integrin avf }3 and 
PI3 K pathway. Also others demonstrated the possibility of cross¬ 
talk between E-cadherin and v integrin in breast cancer lines. We 
examined the relationship between PIMT and EMT associated with 


integrin v using human breast cancer cells, non-invasive MCF-7, 
invasive MDA-MB 231 and normal breast epithelial cell MCF10A. 
During cell detachment the PIMT and E-cadherin levels were rap¬ 
idly and strongly increased correlated with down regulation of 
integrin v. We also observed that aggregation occurred in detach¬ 
ment of the cells. But the cell aggregation could be prevented by 
treatment with adenosine dialdehyde, a PIMT inhibitor. We induced 
EMT in breast cancer cells by the treatment with TGF and TNF. 
The expression level of PIMT was negatively regulated by alteration 
of phosphorylation of extracellular signal-regulated kinase (ERK) 
and glycogen synthase kinase 3 (GSK3), While EMT makers’ level 
rose up. We revealed to link between EMT and PIMT expression 
related with ERK and GSK3 signaling pathway in breast cancer 
cells. 

Alternation of immune responsiveness in a rat model 
of Parkinson’s disease 

L. Hritcu and M. Stefan 

Department of Biology, Faculty of Biology, “Alexandru loan 
Cuza” University, Iasi, Romania 

Previous studies have suggested that central dopaminergic path¬ 
ways are asymmetrically involved in the modulation of immune 
response. In order to study the involvement of post lesion neuronal 
structures in these results, some immunological parameters (total 
serum protein, lymphocyte and antibody titer) were determined 
1 week after right unilateral lesion of the substantia nigra (SN) by 
means of 6-hydroxydopamine. We showed that the immune 
response decreased no significantly in right lesioned animals. Based 
on these findings, we have suggested that asymmetry in brain 
immunomodulation involves functionally related dopaminergic and 
cortical networks. 


Stimulation of interferon-g production by garlic 
lectin in the mouse spleen cell through cell surface 
binding sites shared with concanavalin A 

Yuji Karasaki, Dong Qing, Tsutomu Sugiura, Yumiko Toyohira, 
and Nobuyuki Yanagihara 
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and Environmental Health, Yahatanishi-ku, Kitakyushu, Japan 

Several lectins, present in beans and other edible plant products, 
have been shown to have immunopotentiating and anti-tumor 
activities. We investigated the immunomodulatory effects of garlic 
lectin purified from garlic bulbs, and here report the effect of the 
lectin on interferon-y (IFN-y) production in mouse spleen cells. 
The garlic lectin (0.5-2.0 mg/ml) induced IFN-y production in the 
spleen cells in a time course (24—60 h), and the maximal 
enhancement was observed at 36 h with 0.5 mg/ml of the lectin. 
The garlic lectin also caused an increase in IFN-y mRNA level. 
U0126 and PD98059, inhibitors of extracellular signal-regulated 
kinase (ERK), inhibited the stimulatory effect of lectin on IFN-y 
production. Furthermore, the lectin (0.5 mg/ml, 24 h) increased the 
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phosphorylation of ERK in the cells. Garlic lectin inhibited the 
binding of concanavalin A (Con A) to the spleen cell surface in a 
competitive manner (Ki value = 28 mM). The present findings 
suggest that garlic lectin binds to the cell surface sites shared with 
Con A and induces IFN-y production via activation of ERK in 
mouse spleen cells. 

Production and evaluation of monoclonal antibodies 
against human epidermal growth factor receptor 
in Balb/c mice 

Behzad Baradaran*' 2 , Farhad Kiafar 1 Ahmad Zavaran Hosseini 2 , 
Jafar Majidi 3 , Safar Farajnia 3 , Jaleh Barar 1 , Zohair Hassan Saraf 2 , 
Jalal Abdolalizadeh 3 , and Yadollah Omidi 1 

'Research Center for Pharmaceutical Nanotechnology, Tabriz 
University of Medical Sciences, Tabriz, Iran 
department of Immunology, Faculty of Medical Sciences, 

Tarbiat Modares University, Tehran, Iran 

3 Drug Applied Research Center, Tabriz University of Medical 

Sciences, Tabriz, Iran 

Characteristically, the malignant diseases are self sufficiency in 
growth signals, resulting in avoidance from apoptosis, induction of 
angiogenesis and metastasis. Thus, one of the most persistent 
cancer therapy modality appears to he targeting the cancer-specific 
antigens using monoclonal antibodies (mAbs). Of these biomarkers, 
human epidermal growth factor receptor (hEGFR) has been shown 
to be overexpressed in various cancers. Here, we report production 
of mAbs against hEGFR in Balb/c mice. Six female Balb/c mice 
(6-8-week-old) were immunized against A431 tumoral cells, which 
highly express EGFR, in four periods. The most immune mouse 
was selected for fusion with sp2/0 cells (myeloma cells) in pres¬ 
ence of polyethyleneglycol. Supernatant of hybridoma cells were 
screened for detection of antibody using ELISA. Large scale pro¬ 
duction of mAbs were obtained in vitro and ascetic fluid. From 280 
clones obtained in this work, 27 displayed absorbance >1. Of 
these, three clones represented absorbance about 1.7 and selected 
for limiting dilution (LD). The yield of LD was 8 monoclones with 
absorbance ~2. These results indicate that the produced mAbs 
against EGFR can be used in diagnosis and treatment of tumors 
that express membranous EGFR. 

Effect of lysine and vitamin B6 supplementation 
on male subjects with hypertriglyceridemia 

O. Obeid, H. Sarieddine, D. Abou Reslan, and S. Hlais 

Department of Nutrition and Food Science, American University 
of Beirut, Beirut, Lebanon 

Lipid profile is known to be affected by fatty acid metabolism. 
Long chain fatty acid oxidation requires the enzyme carnitine 
palmitoyltransferase, which in turn depend on the availability of 
carnitine. Carnitine can be obtained from animal sources or syn¬ 
thesized utilizing lysine and vitamin B6. The effect of lysine and 
vitamin B6 supplementation on male subjects with high level of 
triglyceride (TG >150 mg/dl) was studied. Eighty one hypertri- 
glyceridemic subjects were randomly divided into four groups: 


Placebo, lysine (1 g/day), vitamin B6 (50 mg/day) and lysine plus 
vitamin B6. Subjects were maintained on the supplement for 
12 weeks and plasma glucose and lipid profile were tested at 
baseline, 6 and 12 weeks. 

Lysine supplement did not alter lipid profile, but plasma glucose 
was reduced at 6 weeks. Vitamin B6 and lysine plus vitamin B6 
groups showed a decrease improvement in some components of 
lipid profile mainly related to total cholesterol, LDL and HDL, but 
TG and glucose were not affected. Although the subjects were all 
hypertriglyceridemic, but most had other abnormalities in terms of 
the other components of the lipid profile or glycemia. These con¬ 
founding factors may have affected the results and more controlled 
studies are needed. The mechanism(s) by which lysine and vitamin 
B6 exerted their effect is not clear, especially that both are known 
to have several metabolic effects. 

Lysine and vitamin B6 supplement were found to exhibit some 
effect on the glycemic and lipidemic profiles of subjects with high 
triglyceride levels. 

Alterations of intrinsic amounts of proline 

and hydroxyproline enantiomers in mammalian skin 

with aging 

Yosuke Tojo 1 ’ 2 , Kenji Hamase 1 , Chieko Okamura 2 , 

Masashi Mita 2 , Yutaka Ashida 2 , Wolfgang Lindner 3 , 
and Kiyoshi Zaitsu 1 

'Graduate School of Pharmaceutical Sciences, 

Kyushu University, Fukuoka, Japan 

innovative Science Research and Development Center, 

Shiseido Co. Ltd., Tokyo, Japan 

institute of Analytical Chemistry and Food Chemistry, 

University of Vienna, Vienna, Austria 

d- Amino acids are getting recognized as the novel physiologically 
active substances and biomarkers in mammals. In mammalian skin, 
collagen is damaged with aging and UV irradiation, which some¬ 
times results in the racemization of the amino acid residues. 
Therefore, alterations of intrinsic amounts of proline (Pro) and 
hydroxyproline (Hyp) enantiomers in the skin, the major amino 
acid residues of collagen, is expected to be clarified. For the 
determination of extremely small amounts of Pro and Hyp enan¬ 
tiomers, a fully automated 2D-HPLC method employing a 
microbore-monolithic ODS column (0.53 mm ID) and a narrow- 
bore-enantioselective column (prototype Chiralpak QN-2-AX of 
1.5 mm ID) has been developed. The amino acids were detected by 
the fluorescence after derivatization with 4-fluoro-7-nitro-2,l,3- 
benzoxadiazole (NBD-F). Using the present method, intrinsic 
amounts of d-Pto in the mouse epidermis and dermis were suc¬ 
cessfully determined. In the epidermis, the amounts of D-Pro in 4- 
week-old mice were about 10 times higher than those in the mice 
of 6-45 weeks of age. This remarkable alteration was not observed 
for D-serine and D-alanine. In contrast, d-Pto in the dermis was 
gradually increased with aging. Throughout the investigation, d- 
Hyp was not detected in all the tissues tested. For further works, 
determination of Pro and Hyp enantiomers in the skin under var¬ 
ious conditions such as dry or diseases is currently in progress.The 
present study was approved by the ethics committee of Shiseido 
Research Center in accordance with the guideline of the National 
Institute of Health. 
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Proteomic analysis of childhood acute lymphoblastic 
leukemia by two-dimensional gel electrophoresis 
coupled with MALDI-TOF mass spectrometry 

M. Braoudaki 1 , Ch. Papathanassiou 2 , K. Karamolegou 2 , 

A. K. Anagnostopoulos 2 , K. Vougas 3 , 

F. Tzortzatou-Stathopoulou 1 ’ 2 , and G. Th Tsangaris 3 

’University Research Institute for the Study and Treatment 
of Childhood and Malignant Diseases, University of Athens, 

“Aghia Sophia” Children’s Hospital, Athens, Greece 
2 Hematology/Oncology Unit, First Department of Pediatrics, 
University of Athens, “Aghia Sophia” Children’s Hospital, 

Athens, Greece 

3 Proteomics Research Unit, Division of Biotechnology, 

Center of Basic research II, Biomedical Research Foundation 
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Acute lymphoblastic leukemia (ALL) is a malignant disease of the 
blood and the bone marrow and is considered the most common 
type of childhood cancer. Although the rates of success in treat¬ 
ment of ALL are steadily increasing, further attempts may lead to 
a more favorable therapeutic outcome. The purpose of this study 
was to verify a list of protein candidates relevant to the prediction 
of the clinical behavior and personalized treatment of childhood 
ALL when performed on plasma from bone marrow (BM) and 
peripheral blood (PB). Twenty eight plasma samples from BM and 
PB collected from patients with childhood ALL at diagnosis were 
analysed. Diagnosis was based on morphology, cytochemical 
staining, cytogenetic analysis, molecular and immunophenotypic 
study. As controls, four plasma samples from BM and PB from 
non-leukemic pediatric patients were studied. Differential proteo¬ 
mic analysis was performed by two-dimensional gel electrophoresis 
followed by MALDI-TOF mass spectrometry. Fifty proteins were 
found differentially expressed in ALL BM plasma samples and 60 
proteins were found to be expressed in PB plasma as compared to 
control. By these, 35 proteins were detected in both BM and PB 
plasma of the ALL pediatric patients. The majority of the identified 
proteins included suppressor genes, metabolic enzymes, structural 
proteins and signal transduction mediators. Our study demonstrates 
the potential of proteomic technology for the identification and 
confirmation of protein composition in plasma. However, a com¬ 
prehensive knowledge of the value of these proteins is required in 
order to elucidate its relevance on childhood ALL screening, 
diagnosis and treatment outcome. 


Neuroscience 


Extrasynaptic NR2D-containing NMDARs mediate 
tPA-promoted excitotoxicity 

Amandine Baron 1 ’ 2 , Severine Launay 1 ' 2 , Amandine Julienne 1 ' 2 , 

Axel Montagne 1 ’ 2 , Carine Ali 1 ’ 2 , and Denis Vivien 1 ' 2 

1 INSERM, INSERM U919, Serine Proteases and 
Pathophysiology of the neurovascular Unit (SP2U), Cyceron, 
University of Caen Basse-Normandie, Caen Cedex, France 
2 CNRS, UMR CNRS 6232 Ci-NAPs “Center for imaging. 
Neurosciences and Application to Pathologies”, Cyceron, 

Caen Cedex, France 

Although the molecular bases of its actions remain debated, tissue- 
type plasminogen activator (tPA) is a paradoxical brain protease, as 


it favours some leaming/memory processes but increases excito- 
toxic neuronal death. Here we demonstrate that in cultured cortical 
neurons, tPA selectively promotes extrasynaptic but not synaptic N- 
methyl-D-aspartate receptor (NMDAR)-dependent activation. We 
show the tPA-mediated signalling and neurotoxicity through the 
NMDAR is blocked by co-application of a NR2D antagonist 
(PPDA) or knock-down of neuronal NR2D expression. In addition, 
activation of synaptic NMDAR prevents further tPA-dependent 
NMDAR signalling and neurotoxicity. This study demonstrates 
that the previously described pro-neurotoxic effect of tPA is 
mediated by extrasynaptic NR2D-containing NMDAR-dependent 
Erk('/2) activation, a deleterious effect prevented by synaptic pre¬ 
activation. 

Reduction of caspase-3 activity upregulates 
the glutamate transporter GLT-1 in cultured white 
matter astrocytes from a rat model of amyotrophic 
lateral sclerosis (hSODl G93A ) 

Stephanie Goursaud, Marylene Focant, Jean-Marie Maloteaux, 
and Emmanuel Hermans 

Laboratory of Experimental Pharmacology, Universite catholique 
de Louvain, Bmssels, Belgium 

Amyotrophic lateral sclerosis (ALS) is typically characterized by a 
dramatic loss of lower motor neurons in spinal cord and brainstem. 
Nevertheless, upper motor neuron dysfunction is also reported in 
ALS and frequently related to a deficit of transcallosal connections 
associated to a reduced volume of the corpus callosum. Besides, 
impairment of the astroglial glutamate transporter GLT-1 associated 
with accumulation of extracellular glutamate is demonstrated in 
ALS and related excitotoxicity is likely to participate in the pro¬ 
gression of the disease. At the molecular level, the caspase-3- 
mediated cleavage of GLT-1 leading to a selective and functional 
inhibition of the transporter was evidenced in spinal cord homog¬ 
enates of a transgenic mice model of ALS. 

We herein characterised the expression and activity of GLT-1 and 
caspase-3 in cultured callosal astrocytes isolated from a transgenic rat 
strain expressing an ALS-related mutated form of human superoxide 
dismutase 1 (hSODl G93A ). Quantitative RT-PCR and Western-blot¬ 
ting studies revealed that the expression of GLT-1 was higher in the 
cells prepared from the transgenic animals in comparison to the wild- 
type rats. However, specific measurements of d-[ 3 H] -aspartate uptake 
velocity failed to evidence differences in the activity of this trans¬ 
porter. Nevertheless, measures of uptake in the presence of a caspase- 
3 inhibitor suggested that a reduced activity of this apoptotic enzyme, 
which is highly detected in callosal astrocytes from hSODl G93A rats, 
could exclusively upregulate the GLT-1 activity in cells from trans¬ 
genic animals. 

Together, these findings reinforce the hypothesis of an involve¬ 
ment of caspase-3-mediated impairment of glutamate uptake in the 
pathogenesis of ALS. 


Identification of additional Escherichia coli AtoC 
binding target elements gives new insight to 
bacterial regulatory networks: molecular modeling 
of AtoC-DNA binding domain amino acids 

Asterios I. Grigoroudis 1 , Christos A. Panagiotidis 2 , 

Eleftherios Pilalis 3 , Aristotelis Chatziioannou 3 , Fragiskos 
Kolisis 3 , Papadopoulos Georgios 4 , and Dimitrios A. Kyriakidis 1 ' 3 


*£) Springer 



11th International Congress on Amino Acids, Peptides and Proteins 


S103 


'Laboratory of Biochemistry, Department of Chemistry, 

Aristotle University of Thessaloniki, Greece 

department of Pharmaceutical Sciences, Aristotle University 

of Thessaloniki, Thessaloniki, Greece 

3 Institute of Biological Research and Biotechnology, 

National Hellenic Research Foundation, Athens, Greece 
department of Biochemistry and Biotechnology, 

University of Thessaly, Larisa, Greece 

Bacterial environmental adaptation is mediated by networks of cross¬ 
talk between two component systems, while signal transduction takes 
place via phosphor-transfer from sensor histidine kinases to aspartic 
residues of response regulators, the signal output carriers. Transcrip- 
tome and phenotypic analyses indicated the involvement of the AtoSC 
two component system of E. coli in various cellular activities, apart 
from the activation of the atoDAEB operon expression, upon acetoac- 
etate induction. The activated response regulator AtoC is reported to act 
as transcriptional activator and its cA-regulatory binding site was 
identified as a palindromic repeat within the atoDAEB promoter. 

The nature of the bonds formed between the AtoC amino acids and the 
specific DNA residues was investigated with molecular modeling. 
Moreover, in an attempt to define novel AtoC binding elements which 
would indicate an AtoC-related cross-regulatory function, we employed 
an ab initio motif detection approach, coupled with gene ontology 
analysis. The genome-wide computational screening indicated several 
putative matching sites within the E. coli genome. Chromatin Immuno- 
precipitation assays were carried out to assess the in vivo binding of AtoC 
to the predicted sites. This process verified twenty-one additional AtoC 
binding sites, albeit their sequence divergence, located not only within 
intergenic, but also within gene-encoding regions. 

The elucidation of the molecular conditions governing the AtoC 
binding to these sites in vitro and in vivo, its dimerization and 
putative participation of other factor(s) gives an insight to a possible 
AtoC-related regulatory network which may contribute to the pleio- 
tropic effects of AtoC. 

In vitro- and in vivo-models of human 
neuroendocrine tumors: three novel transplantable 
cell lines from metastatic midgut carcinoid 

Roswitha Pfragner 1 , Harald Hoger 2 , Annemarie Behmel 3 , 

Alfred Beham 4 , Ingeborg Stelzer 1 , Anna Christina Obenauf 3 , 

Helga Susanne Haas 1 , Elisabeth Ingolic 5 , Veronika Siegl 1 , 
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5 Research Institute for Electron Microscopy and Fine Structure 
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’Department of Surgery, Medical University of Vienna, Vienna, 
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Only a few cell lines from human neuroendocrine tumors (NET) have 
been established so far, among them our earlier KRJ-I cell line from a 
human ileal carcinoid. The reason for the poor success in establishing 
carcinoid cell lines is due to the small amount of tissue available and the 
low mitotic activity in primary cultures. We have successfully 


established three continuously growing cell lines from tissue obtained 
from a metastatic human carcinoid of the terminal ileum (midgut car¬ 
cinoid): P-STS was derived from the primary tumor, L-STS from a 
lymph node metastasis and H-STS from a hepatic metastasis. Immu- 
nocytochemical analysis for NET markers proved the maintenance of 
pancytokeratin, cytokeratins 7,8,18,19, serotonin (5-HT), NSE, CD56, 
protein gene product 9.5 (PGP9.5), calcitonin, synaptophysin, and 
gastrin releasing factor. The presence of electron-dense neuroendocrine 
granules was demonstrated by electron microscopy and quantified by 
immunogold toning of 5-HT. The three cell lines were tumorigenous in 
SCID mice. Cytogenetic analyses revealed clonal tetraploidy, inversion 
and deletion in chromosome 18q, and non-clonal numerical and 
structural aberrations. Array CGH did not show notable imbalances. 
Mutation screening of P-STS excluded a MEN 1-gene-associated 
genetic predisposition. The novel carcinoid cell lines may serve as 
valuable models for the elucidation of proliferative and secretory 
mechanisms as well as for the study of new therapeutic agents. 
Acknowledgments: Supported by the Jubilee Fund of the Austrian 
National Bank (Project no. 12569) 


Endomorphin 2-like immunoreactive peptide is 
generated extracellularly in rat isolated L-4,5 dorsal 
root ganglia and in vivo in the spinal cord dorsal 
horn from Tyr-Pro precursor by a membrane- 
bound DPP-IY-like enzyme in a depolarization- 
stimulated manner 

Andras Z. Ronai', Komel Kiraly', Andrea Szebeni 1 , 

Erzsebet Szemenyei 2 , Geza Toth 2 , and Istvan Bama 3 
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Background: The potent and mu-opioid receptor selective agonist 
mammalian brain tetrapeptides, endomorphin-1 and -2 (E2) were 
discovered in 1997. The gene(s) encoding for their precursor(s) is/are 
still unknown. We have found some evidence for a potential de novo 
biosynthetic route starting from Tyr-Pro precursor. Presently, we 
measured the generation of immunoreactive E2 in adult rat isolated 
L4,5 dorsal root ganglia and also in vivo in the spinal cord in car¬ 
rageenan-induced hyperalgesia. 

Results: In rat isolated dorsal root ganglia the combination of presumed 
biosynthetic precursor of E2, Tyr-Pro with the prolyl peptidase DPP-IV 
enzyme inhibitor Ile-Pro-Ile generated 1.60 ± 0.37 pg/mg Wet Tissue 
Weight_30 min immunoreactive E2 in the bathing fluid (n = 4) with an 
eightfold increase upon depolarization whereas the tissue content was 
low (0.50 ± 0.08 pg/mg_WTW). Substance P, determined by ELISA, 
was found almost exclusively within the tissues. In vivo intrathecally 
injected 30 nmol Ile-Pro-Ile was antihyperalgesic in carrageenan- 
induced hyperalgesia (hindpaw, Randall-Selitto). The antihyperalgesic 
effect was antagonized by 1 mg/kg naloxone sc and also by intrathecal 
antiserum to E2 (see poster by Kiraly et al.). 

Conclusions: In isolated dorsal root ganglia E2-IR was generated 
extracellularly by a membrane-bound DPP-IV-like enzyme, which was 
depolarization-sensitive in “synthase” functional mode. The shift to 
“synthase” was induced by the DPP-IV hydrolase inhibitor Ile-Pro-Ile. In 
vivo “C fiber-mediated wind-up” induced by carrageenan created con¬ 
ditions favoring endomorphin generation in the spinal cord dorsal horn 
when the enzyme was shifted to „synthase” function. This assumption 
may open a new approach to pain alleviation in some chronic pain states. 
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Hippocampal protein expression levels linked 
to spatial memory formation in laboratory 
and wild-caught mouse strains 

Sudarshan Patil 

Medical University of Vienna, Vienna, Austria 

The cognitive dependency on strains and tasks is well-documented, 
no systematic studies on wild-caught mouse (WCM) strains done so 
far. Moreover, no information is available on spatial learning related 
hippocampal signaling protein (hSPs) expression levels in WCM. We 
aim to study spatial memory in Morris water Maze (MWM), Barnes 
Maze (BM) and Multiple T-Maze (MTM) with WCM strains, 
Apodemus sylvaticus (AS), Mus musculus domesticus (MMD), Mus 
musculus musculus (MMM) and laboratory mouse strains, C57BL/ 
6 J, CD1 and PWD/PhJ. The strains chosen for identification of hSPs 
based on performance in MWM. 

Male, 20 per group, 12-14 weeks old, were used in the experi¬ 
ments. Equal number of animals used as yoked controls, were not 
trained in the MWM. 

The learning was determination by time(s) spent in the target 
quadrant, visits to the target hole and correct decisions at time points 
5 (D5) and 12 days (D12) in MWM, BM and MTM respectively. 
Individual hippocampi were dissected and sample preparation was 
conducted, which followed by analysis of hSPs with immunoblotting. 

Strain and task-dependent performance was observed across the 
strains. The latency to reach the platform as well as path length 
decreased significantly in AS compared to other strains. Moreover, 
expression levels of hSPs correlate with the performance in MWM. 

We learn from this study that a series of hSPs are associated with 
spatial memory and that different hSPs are linked to spatial memory in 
different strains that show different outcome in the MWM. Even cor¬ 
relation patterns in the individual hSPs differed between mouse strains. 


Glycine receptors contribute to hypnosis 

Jiang H. Ye, Ke-Yong Li, Hai T Nguyen, Kimberly Sokol, 

Ellise Delphin, and Ming Xiong 

UMDNJ, New Jersey Medical School, Newark, NJ, USA 

Glycine is a major inhibitory neurotransmitter in the CNS, and its 
receptors (GlyRs) are well known for their effects in the spinal cord 
and lower brainstem. Accumulating evidence indicates that GlyRs are 
also present in higher regions of the brain, including areas thought to 
be involved in consciousness. It is well documented that several 
general anesthetics, including propofol and ethanol potentiate brain 
GlyR function, yet the behavioral role of brain GlyRs has not been 
well explored. Here we used the loss of righting reflex (LORR) as a 
marker of hypnotic state, because the concentrations of anesthetics 
that are necessary to produce hypnotic state in humans are similar to 
those needed to induce LORR in rodents. We found that systemically 
administered propofol, ethanol and ketamine dose-dependently 
induced (LORR) in rats. Furthermore, systemically administered 
strychnine dose-dependently reduced the percentage of rats exhibiting 
LORR induced by propofol and ethanol, increased the onset time, and 
decreased the duration of LORR. Strychnine had no effect, however, 
on the LORR induced by ketamine. Moreover, propofol markedly 
increased the currents elicited by glycine and GABA of hypothalamic 
neurons. Conversely, strychnine and GABAzine both profoundly 
attenuated the current induced by propofol. Given that hypnosis is due 
to neuronal depression in upper brain areas, we therefore conclude 
that brain GlyRs contribute at least in part to the hypnosis induced by 
propofol and ethanol. 


Modulation of mGluR5 protein expression 
by association of CAL 
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In this study, we investigated the association of metabotropic glutamate 
receptor subtype-5 (mGluR5) with cystic fibrosis transmembrane 
conductance regulator-associated ligand (CAL). By using GST pull¬ 
down techniques, we found that the mGluR5 directly interacted with 
CAL via carboxyl-terminus of receptor bound to the PDZ domain of 
CAL, and the C-terminal last four amino acids (S-S-S-L) of the 
receptor were the essential determinants for this interaction. Consistent 
with the results of the fragment interactions in vitro, full-length 
mGluR5 also associated with intact CAL in vivo, as determined by 
coimmunoprecipitation experiments and an immunofluorescence 
assay. Functionally, co-expression with mGluR5, CAL profoundly 
enhanced the expression of mGluR5 in protein but not in mRNA levels, 
possibly by blocking ubiquitination-dependent receptor degradation. 
These findings revealed the physiological regulation of mGluR5 protein 
expression via the interaction with CAL, and suggested a molecular 
mechanism by which the expression of mGluR5 protein could be reg¬ 
ulated at the post-translational level via PDZ scaffold protein CAL. 

Glutamine synthetase activity, expression 
and distribution in the brain and the spinal cord 
of an animal model of amyotrophic lateral sclerosis 
(hSODl G93A rats) 

Calas Andre-Guilhem, Goursaud Stephanie, and Hermans 
Emmanuel 

Laboratory of Experimental Pharmacology, Universite catholique 
de Louvain, Brussels, Belgium 

Excitotoxicity induced by glutamate accumulation is directly impli¬ 
cated in the progression of amyotrophic lateral sclerosis (ALS). 
Indeed the progressive and selective motor neuron degeneration has 
been frequently correlated with a disruption of glutamate homeosta¬ 
sis. Consistently, dysfunction of glial glutamate transport activity is 
evidenced in transgenic rodents expressing an ALS-related mutated 
form of human superoxide dismutase 1 (hSODl 93A ). Once taken up 
by astrocytes, glutamate is metabolized by glutamine synthetase (GS), 
a key enzyme in the glutamate-glutamine cycle between neurons and 
glia. 

We recently evidenced distinct glutamate handling properties in 
white and grey matter astrocytes and we are currently considering 
these differences in the context of ALS. The goal of the present study 
is to examine potential modification of the expression and/or activity 
of GS in white and grey matter structures of the brain and the spinal 
cord of hSODl G93A rats at end-stage compared to wild-type animals 
at the same age. The measure of GS activity in samples from selected 
brain and spinal structures by spectrophotometry revealed the lack of 
significant changes during the progression of the disease. Considering 
the massive gliosis observed in the brainstem and the spinal cord of 
these animals, the absence of GS regulation is certainly unexpected 
and additional studies by Western blotting and immunohistochemistry 
are in progress in order to examine putative changes in the expression 
and cellular distribution of the enzyme in these animals. 
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Protein isoaspartyl methylation enhanced neuronal 
differentiation of bFGF treated PC12 cells 

Jieun Heo, Sukchul Hong, Moosik Kwon, and Sungyoul Hong 
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Suwon 440-746, Korea 

Protein L-isoaspartyl methyltransferase (PIMT, EC 2.1.1.77) is a 
cytosolic enzyme that methylates the side chain carboxyl groups of 
racemized D-aspartyl or L-isoaspartyl residues in proteinaceous sub¬ 
strates with 5-adenosy I methionine (AdoMet) as a methyl donor. 
Expression level of PIMT is high in the brain but the functions of 
PIMT are poorly understood. We have analyzed the importance of 
protein L-isoaspartyl methylation by S-adenosylmethionine-dependent 
methyltransferases for neuronal differentiation of rat pheochromo- 
cytoma cells (PC12). We showed that treatment of cells with 
methyltransferase inhibitor adenosine dialdehyde (AdOx) and PIMT 
siRNA decreased the level of neuronal class III tubulin (Tujl). We 
attempted to elucidate the role of PIMT on growth factor-induced 
neuronal differentiation in PC 12 cells. In response to basic fibroblast 
growth factor (bFGF), PC12 cells differentiate into sympathetic-like 
neurons. These differentiated neuronal cells elevated levels of the 
neuronal differentiation markers, neurofilament H, M (NF-H, M) and 
Tujl. Moreover, we have shown that the mitogen-activated protein 
kinase (ERK1/2) is persistently activated during neuronal differenti¬ 
ation, and conversely, ERK activation is inhibited while treatment of 
the cells with PIMT siRNA. Stimulation by bFGF resulted in phos¬ 
phorylation of Akt, GSK3 and an increased level of PIMT. Taken 
together, these findings suggest that methylation reactions might 
influence the neuronal differentiation of PC 12 cells and bFGF induces 
elevated level of PIMT in PC12 cells through Akt-GSK3 activation, 
which leads to ERK activation and neuronal differentiation. 

Inhibitory effects of protein L-isoaspartyl 
O-methyltransferase in amyloid /i aggregation 
in vitro 

Gangsoo Jung, Narkhyun Bae, Moosik Kwon, and Sungyoul Hong 

Department of Genetic Engineering, Sungkyunkwan University, 
Suwon 440-746, Korea 

Many age-related degenerative diseases, including Alzheimer’s, 
Huntington’s and Parkinson’s disease, are associated with accumu¬ 
lation of amyloid fibrils. Fibrillar aggregates of the ^-amyloid peptide 
(A/)) are major constituents of the senile plaques found in the brains 
of Alzheimer’s disease (AD) patients and have been related to AD 
neurotoxicity. It has been shown that spontaneous isomerization or 
racemization of aspartyl residues of A/>' peptides led to conforma¬ 
tional changes in secondary structures and to increase of aggregative 
ability. Protein L-isoaspartyl O-mcthyl transferase (PIMT, EC 
2.1.1.77) converts L-isoaspartyl/D-aspartyl residues in damaged pro¬ 
teins to normal L-aspartyl residues. We demonstrated that PIMT had 
inhibitory effects on A/i aggregation in vitro via isoaspartyl methyl¬ 
ation. Thioflavin-T (Th-T) binding assay after aging in vitro (37, pH 
7.4 in PBS) showed that PIMT had tendency of inhibition against A/? 
fibrillization. In western blotting, high molecular A[i aggregates 
(>200 kDa) are occurred in only A/i incubation but those are reduced 
in incubation with PIMT. We determined the level of the /?-sheet 
transition in secondary structure by measuring circular dichroism 
(CD). Aggregation of A/I pentamers is observed by using transmis¬ 
sion electron microscopy (TEM). We also investigated the role of 
PIMT on the prevention of A/i fibrillization enhanced by metal ions 
(Fe3 + , Cu2 + , and Zn 2 + ). 


Mechanisms of glycine release from spinal 
and hippocampal glycinergic nerve terminals 
in response to depolarizing stimuli 

L. Raiteri 1 ' 2 , E. Luccini 1 , and C. Romei 1 

'Department of Experimental Medicine, Pharmacology 
and Toxicology Section, University of Genoa, Genoa, Italy 
2 Centre of Excellence for Biomedical Research (CEBR), 

University of Genoa, Genoa, Italy 

Glycine release from glycinergic nerve terminals has been rarely stud¬ 
ied. We investigated the release of the amino acid from mouse spinal 
cord and hippocampal synaptosomes prelabelled with [ 3 H]glycine in the 
presence of the GLYT1 transporter blocker NFPS, to achieve selective 
labelling of glycinergic terminals through GLYT2. Synaptosomes were 
depolarized in superfusion with different concentrations of KC1, 4- 
aminopyridine (4-AP) or veratridine. The [ 3 H]glycine overflow evoked 
by identical depolarizing stimuli was significantly higher in spinal cord 
than in hippocampus. KC1 (<15 mM), 4-AP, and veratridine 
(<0.3 |iM) provoked [3H]glycine release by external Ca 2+ -dependent 
exocytosis in both regions. In spinal cord, the overflows evoked by 
higher concentrations of KC1 or veratridine involved external Ca 2+ - 
independent mechanisms; surprisingly, in the hippocampus the 
50 mM KCl-evoked [ 3 H] glycine overflow was almost totally depen¬ 
dent on external Ca 2+ ; moreover the external Ca 2+ -dependent fraction of 
the 10 pM veratridine-induced overflow in the hippocampus was higher 
than in spinal cord. Part of the veratridine-evoked overflow occurred by 
GLYT2 reversal; in contrast, the external Ca2+-independent overflow 
provoked by 50 mM K + in spinal cord was transporter-independent. The 
external Ca 2+ -independent, transporter-independent components of the 
overflow evoked by 50 mM KC1 or 10 pM veratridine were largely 
sensitive to Bafilomycin A | and prevented by blocking the mitochon¬ 
drial Na + /Ca 2+ exchanger with CGP 37157, indicating the involvement 
of exocytosis triggered by intraterminal mitochondrial Ca 2+ . The mul¬ 
tiplicity of glycine actions and the primary roles of glycinergic 
neurotransmission in several physiological and pathological processes 
justify a better understanding of glycine release and its modulation. 

Characterization of GABAA receptor alpha3 
subunit interaction with gephyrin 

Bemd Kerschner 1 , Kirsten Harvey 2 , Leila Saiepour 2 , 

Celine Fuchs 2 , Werner Sieghart 1 , Stephen Moss 3 , 
and Verena Tretter 1 

'Medical University Vienna, Center for Brain Research, Vienna, 
Austria 

2 The School of Pharmacy, University of London, London, UK 
3 Tufts University, Department of Neuroscience, Boston, USA 
and University College London, Neuroscience, Physiology and 
Pharmacology, London, UK 

Synaptic GABAA receptors are frequently associated with submem- 
branous aggregates of gephyrin. A gephyrin interaction site within the 
GABAA receptor alpha2 subunit intracellular loop has recently been 
characterized by using hippocampal cultures and biochemical meth¬ 
ods. The presence of a linker protein between the GABAA receptor 
and gephyrin could be ruled out by overlay assays, where only the two 
interaction partners were present in the biochemical experiment. Here 
we report that similar overlay assays and the yeast two-hybrid system 
also reveal a strong interaction of the GABAA receptor alpha3 subunit 
with gephyrin. Only a minor population of GABAA receptors contains 
the alpha3 subunit, mostly in monoaminergic neurons and in the 
nucleus reticularis thalami (nRT). In GABAA receptor alpha3 subunit 
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knockout mice there is no up-regulation of other alpha subunits in nRT 
neurons, while the clustering of the gamma2 subunit is disrupted. 
Gephyrin forms large aggregates in the nRT neurons of these mice, 
that in most cases are not associated with synaptic sites. These results 
are again an example of a dominant role of an alpha subunit in synaptic 
GABAA receptor and gephyrin clustering. Here we determine the 
interaction site between the alpha3 subunit and gephyrin. 

Acknowledgments: Supported by the European Community (Marie 
Curie Life Quality QLG3-CT-1999-S1361 to VT, NeuroCypres Nr. 
202088 to WS) and a MRC New Investigator Award (G0501258 to KH). 

Spider toxins as tools to elucidate insect receptors 

M. P. Cordero 1 , L. Lina 1 , V. Hernandez 1 , G. Corzo 2 , 
and E. Villegas 1 

'Centro de Investigation en Biotecnologfa, UAEM, 

Av. Universidad 1001, Cuernavaca, Mexico, Morelos, Mexico 
2 Departamento de Medicina Molecular y Bioprocesos, 

Instituto de Biotecnologia, UNAM, Av. Universidad 1001, 
Cuernavaca, Mexico, Morelos, Mexico 

Precise identification of binding site and mode of action of several 
spider toxins on insect receptors and their potential in the development 
of new bioinsecticides still remains an important underdeveloped area. 
Palutoxin IT1 (Palu IT1) an insecticidal toxin isolated from the venom 
of the spider Paracoelotes luctuosus (Araneae: Amaurobiidae) can be 
used as an important tool to elucidate insect receptors in crop pest larvae 
such as Spodopterafrugiperda. Previously Palu IT1 insecticidal effect 
was determined in Spodoptera litura. In this work, a synthetic analogue 
of the native and FITC fluorescent label Palu IT1 were used to deter¬ 
mined LD 50 value by an in vitro microinjection assay in third instar 
larvaes pronotum. As first approximation, a window bioassay was done, 
using a high-low based dose test. Once concentrations to be used were 
determined, a completely random design test was stablished, including 
seven treatments and negative control, with three replicates of 15 
larvaes units each one. Statistical analysis using Probit (POLO 1.0 
program) was performed to confirm in vitro results. The first toxin 
effects were clearly observed after half of an hour, symptons as paral¬ 
ysis, tissue necrosis and death were observed in the larvaes after 24 h. 
Death larvaes number and the LD 50 were determinated 6.3 ± 0.2 pg/g 
larvae. The toxicity of Palu IT1 towards S. frugiperda was similar to the 
reported for S. litura (9.5 ± 0.3 pg/g larvae). FITC-flourescent label 
toxin was an important tool to elucidate receptors in the larvae tissue. 
Acknowledgments: Financial support: MEXUS-CONACyT P-191 
and CONACyT 49773/24968 


Nutrition 


Chemopreventive properties of dietary Bowman- 
Birk inhibitors from legumes 

A. Clemente 1 , L. A. Rubio 1 , M. C. Marin-Manzano 1 , E. Jimenez 1 , 
and C. Domoney 2 

'Department of Biochemistry and Physiology of Animal 
Nutrition, Estacion Experimental del Zaidih, C.S.I.C., Granada, 
Spain, alfonso.clemente@eez.csic.es 

department of Metabolic Biology, John Innes Centre, Norwich 
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The chemopreventive properties of naturally-occurring protease 
inhibitors (PI) of the Bowman-Birk class from legume seeds, and 


their possible role in the prevention and treatment of cancer within 
the gastrointestinal tract (GIT), have been investigated. Bowman- 
Birk inhibitors (BBI) are highly resistant to the extreme conditions 
of the GIT and significant amounts reach the large intestine in an 
intact form. The protease inhibitory activities are intrinsically linked 
to the chemopreventive properties of BBI proteins and are largely 
unaffected by intestinal microbiota. BBI are significant, therefore as 
bioactive compounds in the large intestine. Soybean BBI have been 
investigated extensively for potential anti-carcinogenic effects, both 
in purified form and as a protein extract enriched in BBI (BBIC). 
These have been shown to be effective at preventing or suppressing 
colorectal carcinogenesis in a range of in vitro and in vivo animal 
model systems. In addition to cancer chemopreventive properties, 
soybean BBI have shown anti-inflammatory activity in animals 
exposed to carcinogenic agents, an observation that has been 
extended to patients with ulcerative colitis. All these findings imply 
a positive contribution of naturally-occurring BBI proteins to the 
nutritional value of dietary proteins from legumes and suggest that 
soybean BBI and related proteins may be exploited in cancer pre¬ 
vention programmes and for further medical applications within the 
GIT. 


Accumulation of D-tryptophan in the insides of rat 
due to administration of D-tryptophan containing 
fodders 

Katalin Loki 1 , Gabriella Pohn 1 , Csaba D. Andras 2 , 
and Janos Csapo 1,2 

'Department of Chemistry and Biochemistry, Faculty of Animal 
Science, University of Kaposvar, Kaposvar, Hungary 
department of Food Science, Sapientia Hungarian University 
of Transylvania, Csrkszereda Campus, Tirgu-Mures s Hungary 

Several studies have been published about the effect of D-amino acids 
on the living organisms. Among them, however, no study dealing 
with D-tryptophan was found. As in the passed years we elaborated a 
method for the determination of D-Trp, as a continuation of this 
experiment we tested the effect of D-Trp entering the organism along 
with the fodder on rats. The effect of one single high dose of D-Trp, as 
well as the accumulation in organs due to a longer continuous 
administration was examined. After the feeding phase D-Trp content 
of the liver, kidney and spleen of the rats, as well as in the case of the 
single feedings that of the chymus was determined. A single high dose 
of D-Trp did not result in detectable D-Trp content in the organs, 
whereas in case of the longer treatment D-Trp was found in the kidney 
and the spleen but not in the liver. The reason for this may be that 
there is in the liver a D-amino acid oxidase enzyme system that can 
desaminate the D-amino acids into a-keto acids, which are able to 
convert into L-amino acids. 


Effect of fortification with amino acids and proteins 
on the quality and volatiles of corn flour extrudates 

Hoda H. M. Fadel, Magda A. Abd Elmageed, 
and Emad E. Ragheb 

Department of Chemistry, National Research Center, 

Cairo, Egypt 

The amino acids and vegetable proteins have been recommended 
as safe flavouring precursors of thermal process flavouring. 
Therefore the present work was designed toexamine the effect of 
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such compounds on the overall qualities of com flavour extrudates. 
Amino acids(proline and cysteine), vegetable proteins(soybean and 
gluten) and sucrose were added to com flour pre-extrusion process. 
A sample free from any additives was considered as control. The 
sensory evaluation for each sample was carried out, the expansion 
ratio and protein content were determined, the results showed a 
significant increase in all sensory attributes comparing with the 
control sample. Samples containing proline or cysteine showed 
high quality attributes whereas addition of soybean protein or 
gluten resulted in significant decrease in appearance and texture 
attributes compared with the sample containing sucrose only. An 
agreement between the sensory results and expansion ratio for all 
samples was observed for the protein content. On the other hand, 
theGC andGC-MS analysis confirmed the aroma quality of each 
sample. 

Does leucine of high protein diets play a role 
in the regulation of energy balance in mice? 

Anne Noatsch, Klaus J. Petzke, and Susanne Klaus 

German Institute of Human Nutrition Potsdam-Rehbruecke 
(DIfE), Nuthetal, Germany, Anne.Noatsch@dife.de 

High protein (HP) diets can lead to reduced body weight, increased 
fat oxidation, and a better preservation of lean body mass as 
compared to low protein diets. Furthermore, a HP intake can 
stronger promote satiety and energy expenditure in comparison to 
carbohydrates or fat. It was suggested that branched chain amino 
acids of dietary proteins, e.g. leucine, could act as nutrient signals 
and might be involved in the regulation of specific gene expres¬ 
sions involved in modifications of food energy efficiency and 
energy balance. 

To clarify the effect of HP diets and leucine on energy balance 
male C57BL/6 mice were fed for 20 weeks with experimental diets 
containing either 10% (control) or 50% whey protein (WP). A third 
group was exposed to a 10%WP diet supplemented with L-leucine 
(WP + L) as contained in the 50% WP diet. 

HP diet fed mice had a significant lower body weight, food intake, 
and body fat mass (measured by quantitative magnetic resonance) as 
compared to other groups. Food energy efficiency (g/MJ) was 
2.14 ± 0.08, 1.11 ± 0.08 and 1.57 ± 0.11 for control, WP and 
WP + L, respectively. Resting and total energy expenditure (kj/g/d) 
was higher of HP and WP + L fed mice compared to controls. Leu¬ 
cine supplementation resulted in effects intermediate to those of the 
HP group and controls supporting a significant role in energy balance 
regulation. 

The role of protein in body weight regulation was confirmed. 
However, further research is required to clarify the biochemical 
mechanisms. The results may have an impact in prevention and 
treatment of human obesity. 


Waste of fish-processing industry as source 
of protein substances 

V. A. Mukhin and V. Yu Novikov 

Knipovich Polar Research Institute of Marine Fisheries and 
Oceanography (PINRO), Murmansk, Russia; vmukhin@pinro.ru 

Marine organisms of the Northwest part of Russia are unique renewed 
raw materials for production of various natural substances. A protein- 


containing waste from commercial catch and industrial processing of 
marine hydrobionts make up a considerable part of these raw mate¬ 
rials: sub-standard muscle of the Icelandic scallop; sub-standard 
shrimps; shells of King crabs; not trade kinds of crabs, shellfishes, 
etc.; the waste formed at industrial processing of fish. A protein- 
containing waste reach to 60% on mass of all volume of catch. To 
cheap protein-containing raw material it is necessary to refer also 
invaluable species of fishes; polar cod, blue whiting, marine cock 
(grey Trigla), slopes, etc. 

Rational exploitation of marine raw materials assumes its pro¬ 
cessing without waste. One of the basic directions of a re-use of not 
used protein-containing wastes consists in production of enzymatic 
protein hydrolysates. These hydrolysates can be applied as a protein 
component of microbialogic media, feed components to fishes, 
poultry and agricultural animals, nutrient solutions for postoperative 
patients, etc. 

The internals of hydrobionts now are waste of industrial pro¬ 
cessing and use very poorly. Possibility of proteinase production from 
these internals is shown too, that matters for the decision of a problem 
of rational processing of marine resources. The complex enzyme 
preparation from the hepatopancreas of the acclimatised King crab 
already has found application in production of enzymatic protein 
hydrolysates. 

Economic feasibility of the offered complex processing of a pro¬ 
tein-containing waste at Murmansk enterprises is shown. 


Cellular and animal responses to indispensable 
amino acid deficiency are mediated through 
the integrated stress response pathway 

Angelos K. Sikalidis and Martha H. Stipanuk 

Cornell University, Division of Nutritional Sciences, 

Ithaca, NY, USA 

The integrated stress response pathway (ISR) a defense mechanism 
cells employ when under stress (e.g. amino acid deprivation), 
causes suppression of global protein synthesis along with the par¬ 
adoxical increased expression of a host of proteins that are useful 
in combating various stresses. Microarray analyses on HepG2/C3A 
cells cultured in cysteine or leucine deficient medium showed 
induction of genes involved in amino acid uptake, aminoacyl-tRNA 
synthesis and transcriptional regulation, while genes involved in 
cell cycle/division and nucleotide synthesis were down-regulated. 
Animal studies were conducted to investigate if observations from 
the microarray experiments hold in an animal model. Rats fed a 
sulfur amino acid-deficient diet for 7 days grew at a much lower 
growth rate compared to control for the first 4 days and increased 
their growth rate almost to that of control for the remainder of the 
experimental period, indicating adaptation to stress. In those rats, 
phosphorylation of eIF2a was observed (exhibiting sustained ISR 
induction) as well as induction of protein levels of ATF4, ATF3, 
ASNS, SLC7A11, and CARS, offering further evidence for the 
induction of the ISR and adaptation to amino acid deficiency. 
Expression levels of TRIB3 and GADD34 were not increased 
indicating that apoptotic pathways were not induced. Taken toge¬ 
ther, these data demonstrate that rats consuming a sulfur amino 
acid-deficient diet have a prolonged activation of the ISR pathway 
which offers evidence in support of ISR as an adaptation mecha¬ 
nism for mammalian cells to deal with prolonged stress and, in the 
case of this study, improved growth on an amino acid-deficient 
diet. 
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Biochemical aspects of homoserine kinase in quality 
protein maize 

B.D.A. Berdejo, S. A. Gaziola, R. A. Azevedo 
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Piracicaba, Brazil; bertha@esalq.usp.br 

The main deficiency of cereal seeds is the low content of some 
essential amino acids such as threonine, resulting in low grain 
nutritional quality. In plants and microorganism aspartate serves as 
a precursor for the synthesis of lysine, methionine, threonine and 
isoleucine. The enzyme homoserine kinase (HK) produces O- 
phospho-homoserine (OPH) which is used for methionine synthesis 
and threonine synthesis. In this work, a wild type maize line (L161) 
and two Quality Protein Maize (QPM) lines (L161o and L161q) 
were used to isolate HK. Seeds were harvested at 14, 20 and 
24 days after pollination (DAP). The highest level of HK activity 
was observed at 14 DAP in L161n and LI6I0 lines. However, at 20 
and 24 DAP a reduction in enzyme activity was observed. The 
L161q line exhibited the same HK activity pattern during endo¬ 
sperm development. The addition of isoleucine to the assay mixture 
induced a strong inhibition of HK activity from 14, 20 and 24 DAP 
in L161n. HK activity was significantly inhibited by threonine in 
LI6I0 and L161q lines at 24 DAP. SAM was also able to inhibit 
HK activity in L161q at 20 DAP. However, the addition of lysine 
and methionine to HK assay did not produce any inhibitory effect. 
These results are an important part of a broader picture to under¬ 
stand the mechanisms responsible for increased protein quality in 
the QPM varieties. 

Acknowledgments: Financial support: FAPESP (Brazil) 


Studies on natural 1S N and °C isotopic abundances 
(IA) in amino acids (AA) of humans, implications 
of dietary and physiological factors 

Klaus J. Petzke, Anne Noatsch, and Susen Lemke 
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(DIfE), Nuthetal, Germany 

Stable 15 N and 13 C IA (5-values) of human tissue proteins can be 
influenced by dietary protein and by physiological factors. However, 
bulk measurements do not allow for more differentiated investiga¬ 
tions in contrast to studies at the individual AA level. We are using 
the derivatization of AA into their A-pivaloyl-z'-propyl esters to 
investigate the 5-values of up to 15 proteinogenic A A by GC/C/ 
IRMS at the natural abundance level. Characteristic natural patterns 
of 15 N and 13 C IA were measured in individual AA of nutritional 
protein sources, human plasma, and hair. The isotopic patterns 
differed between sample sources and the results confirmed consid¬ 
erable differences of LA between individual AA. The differences 
between the highest 5 1S N values of proline and the lowest values of 
threonine were about 22%o. The highest 5 13 C values of glycine and 
the lowest of lysine differed by up to 31%o. The patterns of hair AA- 
specific 5 15 N and 5 13 C values were comparable with those of 
plasma protein AA. Leucine could be a marker for diet-related and 
physiological influences on IA. The 15 N and 13 C IA of leucine in 
hair positively correlated with habitual animal protein intake 
(R = 0.708 and 0.512, respectively). Plotting the 15 N against 13 C IA 
revealed a clear distinction between indispensability and dispens¬ 
ability of AA nitrogen or carbon. Further, it was shown that a 4- 
week period of altered meat intake is too short clearly to be 
reflected in AA-specific IA as expected. Possible reasons are 


discussed. Our data indicate that AA-specific IA may characterize 
physiological conditions in more detail than bulk values. However, 
improvements in methods of AA-specific stable isotope analysis and 
further investigations on the relationships between AA metabolism 
and 5-values are required. 


Dietary y-aminobutyric acid affects the brain 
protein synthesis rate in ovariectomized female rats 

K. Tujioka 1 , M. Ohsumi 2 , K. Horie 3 , M. Kim 3 , K. Hayase 4 , 
and H. Yokogoshi 2 
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University, Toyoake, Aichi, Japan 
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The purpose of this study was to determine whether the y-aminobu- 
tyric acid (GABA) affects the rate of brain protein synthesis in 
ovariectomized female rats. Experiments were done on two groups of 
24-week-old ovariectomized female rats given the 0 or 0.5% GABA 
added to the 20% casein diet. The concentrations of plasma GH 
increased significantly with the 20% casein + 0.5% GABA compared 
with the 20% casein diet alone. In the brain regions, GABA treatment 
to the basal diet elevated significantly the fractional and absolute rates 
of protein synthesis. In brain regions, the RNA activity [g protein 
synthesized/(g RNA.d)] significantly correlated with the fractional 
rate of protein synthesis. The RNA concentration (mg RNA/g protein) 
was not related to the fractional rate of protein synthesis. The results 
suggest that the treatment of GABA to ovariectomized female rats are 
likely to increase the concentrations of plasma GH and the rate of 
protein synthesis in the brain, and that RNA activity is at least partly 
related to the fractional rate of brain protein synthesis. 


Bioavailability of tryptophan and methionin 
in breakfast cereals 

P. Turcic 1 , D. Vitali 2 , L. Vujic 2 , and I. Vedrina Dragojevic 2 

'Departmant of Pharmacology, Faculty of Pharmacy 
and Biochemistry, University of Zagreb, Zagreb, Croatia 
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Breakfast is known to be the most important meal of the day and 
breakfast cereals are often suggested as ideal breakfast choice, since 
they provide sufficient and balanced amounts of nutrients and energy. 
The content of proteins and essential amino-acids often serves as an 
important indicator of their nutritional quality. Therefore, the goal of 
this work was to assess protein content and bioavailability of tryp¬ 
tophan and methionin in the main classes of breakfast cereals in the 
market. 

Available tryptophan and methionin contents have been investi¬ 
gated in proteins of dinkel pops, barley, rye, com, millet, oat and rice 
flakes. Protein content was determined using the Kjledahl method, 
available tryptophan was determined by the Bates modified method 
after alkaline hydrolysis and methionin by the McCarthy and Sullivan 
method after papain hydrolysis of samples. Available tryptophan and 
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methionin contents were calculated according to the linear regression 
equation. 

Depending on the kind of investigated sample of breakfast cereals, 
the protein content (mean value of the three series), expressed on dry 
matter, ranged from 7.11/100 g (rye flakes) to 14.26/100 g (millet 
flakes). The content of available tryptophan of various cereals ranged 
from 61.1 mg/100 g (com flakes) to 116.8 mg/100 g (barley flakes). 
Methionin content varied from 166.83 mg/100 g (millet flakes) to 
422.71 mg/100 g (barley flakes). Taking into consideration the tryp¬ 
tophan and methionin content in proteins of breakfast cereals, the 
lowest content of both amino acids was found in millet flake proteins 
(0.49 and 1.17%, respectively), and highest in rye flake proteins (1.07 
and 4.32%, respectively). 


Peptides 

Synthesis and characterization of new radiolabeled 
CCK8 analogues for targeting CCK2 receptor 
expressing tumors 

Susan Roosenburg 1 ' 2 , Peter Laverman 1 , Floris L. van Delft 2 , 
Annemarie Eek 1 , Floris P. J. T. Rutjes 2 , and Otto C. Boerman 1 

'Department of Nuclear Medicine, Radboud University Nijmegen 
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Radiolabeled CCK8 peptide analogues can be used for peptide 
receptor radionuclide therapy (PRRT) of tumors expressing CCK2/ 
gastrin receptors. We have previously shown that sCCK8 (Asp- 
Tyr(0S0 3 H)-Met-Gly-Trp-Met-Asp-Phe-NH 2 ) has better character¬ 
istics for PRRT than gastrin analogues, partly due to its pan-CCK-R 
binding properties. Unlike gastrin analogues, sCCK8 shows low 
kidney uptake. However, sCCK8 contains an easily hydrolyzable 
sulfated tyrosine residue and two methionine residues which are prone 
to oxidation. Therefore, we aim to develop new stabilized sCCK8 
analogues that are resistant to hydrolysis and oxidation. Therefore, the 
methionine residues were replaced by norleucine (Nle) or homo- 
propargylglycine (HPG). The Tyr(OS0 3 H) moiety was replaced by a 
robust isosteric sulfonate, Phe(p-CH 2 S0 3 H). The phenylalanine ana¬ 
logue Phe(p-CH 2 S0 3 H) of L-tyrosine was synthesized by 
modification of known synthetic routes. This building block was 
incorporated in the peptide under normal coupling conditions in solid- 
phase peptide synthesis without additional side chain protection. 
Three peptides were synthesized: sCCK8[Phe 2 (p-CH 2 S0 3 H),Met 3 ' 6 ], 
sCCK8 [Phe 2 (p-CH 2 S0 3 H),Nle 3 ' 6 ] and sCCK8[Phe 2 (p-CH 2 S0 3 H), 
HPG 3 ' 6 ]. All peptides were N-terminally chelated with the macrocy- 
clic chelator DOTA to allow radiolabeling with In-111. 

HPLC analysis showed that peptides with Nle or HPG indeed were 
resistant to oxidation. In vitro binding assays on CCK-R expressing 
AR42 J cells revealed that all peptides showed specific binding and 
receptor-mediated internalization. Binding affinity values (IC50) of all 
peptides were lower than 9.5 nM. In vivo studies in tumor-bearing mice 
showed tumor uptake was highest for sCCK8 and sCCK8[Phe 2 
(p-CH 2 S0 3 H),Nle 3 ' 6 ] (4.78 ± 0.64 and 4.54 ± 1.15%ID/g, respec¬ 
tively, 2 h p.i.). 

Currently, the dimer of sCCK8[Phe 2 (p-CH 2 S0 3 H),Nle 3 ' 6 ] is syn¬ 
thesized and characterized. 


Effect of proline substitution on antimicrobial 
and hemolytic activities of pin 2 analogue peptides 
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Pandinin 2 an antimicrobial peptide had been identified and charac¬ 
terized from the venom of the African scorpion Pandinus imperator. 
This a-helical polycationic peptide belongs to the group of antibac¬ 
terial peptides previously described from several scorpion venoms, 
frog’s skin or the insect’s hemolymph. Pandinin 2 had demonstrated 
high antimicrobial activity against a range of Gram-positive bacteria 
(2.4—5.2 pM), less active against gram-negative bacteria (2.4- 
38.2 pM) and inhibited the growth of the yeast C. albicans. Its strong 
hemolytic activity (11.1—44.5 pM) against human, guinea pig and 
sheep erythrocytes may restrict its medical application. Circular 
dichroism studies and a high-resolution structure of pandinin 2 
determined by NMR showed that the peptide is essentially composed 
of a single a-helix with mostly a hydrophobic N-terminal sequence 
and a Pro aminoacids residue at the middle of its primary structure. 
Four synthetic analogues of Pandinin 2 in which Prol4 was substi¬ 
tuted by Val, Gly-Val, Val-Gly, Gly-Val-Gly, were chemically 
synthesized and antimicrobial and hemolytic assays were done. For 
antimicrobial experiments, the inhibition agar diffusion assay and 
liquid media were compared against Staphylococcus aureus ATCC 
25923 and other bacteria. Pin2 [P14GVG] analogue had highest 
antimicrobial activity of all in agar diffusion assays without any 
hemolytic activity. However, in liquid medium analogue Pin2 
[P14 V] showed the strongest antimicrobial activity with the same 
hemolytic activity as Pin 2. 
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CONACyT 83962 


A gene engineering method for preparing bioactive 
peptides 

Wang Chunxiao 1 , Wang Xichang 1 , and Liu Jingjing 2 
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Gene engineering is an efficient method for preparing bioactive pep¬ 
tides. Many naturally occurring peptides have been proved to possess 
various biological activities and pharmacological activities, such as 
osteoblastic activity, antitumor activity, analgesic activity, growth 
promoting activity, and antimicrobial properties. This presentation 
outlined the specific methods for producing the target bioactive peptides 
with gene engineering instead of extraction from rare natural material. 
Primers were designed and synthesized for cloning the gene encoding 
the target peptide using the preferred codons of E. coli. The gene 
fragments obtained were cloned into the pED plasmid which was 
reconstructed by inserting a modified gene fragment encoding the C- 
terminal peptide fragment of L-asparaginase (L-ansB-C) into the two 
designed restriction endonucleases sites of pET28a. The recombinant 
expression vector was then expressed in E. coli BL21. The sequences of 
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the recombinant DNAs were determined and verified to be identical to 
the originally designed for encoding the target bioactive peptides or 
their analogues. SDS-PAGE analysis was arranged, and showed that 
expressions of the cloned genes resulted in expected fusion proteins 
hence protein bands appeared at the right places. These results indicate 
that cloning of genes encoding the target peptides was successful, as 
well as constructions of its expression vector and fusion expression 
system. Several such designed peptides had been removed from the 
fusion proteins, isolated, purified, and proven to possess some biolog¬ 
ical activities and pharmacological activities. Further studies are 
needed to investigate the methods and conditions for isolating and 
purifying other target peptides from these fusion proteins and evaluat¬ 
ing their bioactive properties. 

Production of monoclonal antibodies against Ts87 
antigen of Trichinella spiralis and identification 
of antigenic peptide from peptide phage display 
libraries 

Li Jie ', Gu Yuan 1 , Zhu Xin-ping 1 , Yu Shun 2 , and Li Yao-hua 2 

'Department of Parasitology, School of Basic Medical Sciences, 
Capital Medical University, Beijing, People’s Republic of China, 
zhuxping@ccmu.edu.cn 

2 Beijing Institute of Geriatrics, Xuanwu Hospital of Capital 
Medical University, Beijing 100053, People’s Republic of China 

Trichinellosis is a global zoonosis mainly caused by Trichinella 
spiralislT. spiralis). We have previously reported that a novel Ts87 
gene from the cDNA library of adult T. spiralis was cloned and the 
recombinant Ts87 induced a partial protective immunity in mice. In 
the present study, monoclonal antibodies against Ts87 antigen of T. 
spiralis were obtained by the classical hybridoma technique. Among 
1,000 hybridomas derived from the fusion, three monoclonal anti¬ 
bodies (mAbs 2A2, 5A3, 6G12) secreted by hybridomas gave nice 
results. They all recognized not only the Ts87 recombinant protein 
but also the native protein from adult or larval and larva tissue 
setions. A phage peptide library was screened with monoclonal 
antibody 5A3 to detect the corresponding antigen and simulative 
mimetopes. The result showed that one of the positive phage clones 
M7 had homologous peptide sequences with Ts87 recombinant 
protein. Peptide displayed by M7 phage clone is the corresponding 
antigen mimetope. Peptide of other positive phage clones may be the 
simulative mimetope of Ts87 antigen. They can be used as the 
potential epitope candidates for the vaccine against T. spiralis in the 
future study. 


A coarse-grained model for the dynamics 

of the cell-penetrating peptide, Pep-1, in membrane 

model systems 

Carla S. Alves, Visvaldas Kairys, and Miguel X. Fernandes 

Centro de Qulmica da Madeira, Departamento de Qulmica, 
Universidade da Madeira, Campus Universitario da Penteada, 
Funchal, Portugal 

Cell-penetrating peptides (CPP) have been extensively investigated as 
an alternative means for the delivery of therapeutic agents which 
display poor cellular uptake and low bioavailability. A primary reason 


for this is the efficient delivery of the agent by the vector, with both 
molecules maintaining functional activity once inside the cell. The 
translocation mechanism through which CPPs cross the biological 
membrane has been the subject of much debate. It is generally 
accepted that translocation of the CPP, either alone or in complex 
with cargo molecule, occurs in a receptor- and energy-independent 
manner via either the endosomal or non-endosomal pathways. This 
however, is dependent on the CPP, cargo and cell type. The amphi- 
pathic peptide carrier, Pep-1, has been reported to deliver a variety of 
peptides and proteins into several cell lines without prior chemical 
covalent coupling. While the mode of action of Pep-1 has been 
extensively explored, the detailed molecular mechanisms responsible 
for cargo binding and translocation have still not been clearly iden¬ 
tified. In this work, we present a Brownian dynamics (BD) simulation 
study using a coarse-grained model of Pep-1. 

The equilibrium and dynamic properties of the peptide in (1) 
solution and (2) model membrane systems (e.g. DPPC and POPC 
bilayers) were monitored using simple mean-field potentials. The 
simplicity of the model employed allowed for 1 ps simulations to 
be performed. With the appropriate choice of parameters, the Pep-1 
equilibrium and dynamical properties were recovered from the 
simulations and then compared with experimentally determined 
values. 


Synthesis and biological evaluation of analogs 
of the A2 subunit (sequence 558-565) of the blood 
coagulation factor VIII 

Ch. Anastasopoulos 1 , Y. Sarigiannis 1 , G. Stavropoulos 1 , 

M. Liakopoulou-Kyriakides 2 , and Pantelis Makris 3 
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Coagulation of blood is a complex process during which blood forms 
clots. This formation is an important part of hemostasis wherein a 
damaged blood vessel wall is covered by a platelet and fibrin-con¬ 
taining clot to stop bleeding and repair the vessel. Disorders of 
coagulation procedure can lead to an increased risk of bleeding 
(hemorrhage) or clotting (thrombosis). The coagulation cascade of 
hemostasis has two pathways, the intrinsic pathway and the tissue 
factor pathway, known as the extrinsic pathway, which leads to 
thrombin formation. 

Factor VIII (FVHI) is an essential glycoprotein (GP) for the 
coagulation cascade of blood clotting and plays a crucial role in the 
intrinsic pathway, because it acts as the co-factor of the serine pro¬ 
tease factor IX activation. These two factors form the complex, which 
was formerly known as “tenase of the intrinsic pathway”. Deficiency 
of either is associated with the bleeding diathesis. The sequence 558- 
565 of A2 subunit is the region in which the FVHI interacts with 
FIX 1 ' 2 and has the following structure: 

Ser 558 —V al 559 — Asp 560 —Gin 561 — Arg 562 —Gly 563 —Asn 564 —Gin 565 

The present research project covers the synthesis on solid phase 
support, the identification and the biological evaluation of linear and 
cyclic peptides 3 and peptidomimetics, b ased of the above sequence of 
the A2 subunit, aiming at the inhibition of interaction of FVIIIa with 
FIXa, in order to suspend the platelets adhesion and furthermore the 
thrombin production. 
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Oostatic peptides containing D-amino acids 
as inhibitors of insect reproduction 

J. Hlavacek', B. Bennettova 2 , J. Slaninova 1 , B. Cemy 3 , 

V. Vlasakova 4 , J. Holflt 4 , and R. Tykva 1 

'institute of Organic Chemistry and Biochemistry, CAS, Prague, 
Czech Republic 

2 Institute of Entomology, CAS, Ceske Budejovice, 
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Deteriorating effect of the C-terminus truncated tetra- (4P) and pen- 
tapeptide (5P) analogs of TMOF decapeptide H-Tyr-Asp-Pro-Ala- 
Prog-OH on ovarian development (i.e. oostatic effect) of several 
insect species, stimulated the synthesis of new analogues containing 
D-amino acids and analysis of their oostatic activity and metabolic 
degradation after application into the body of the flesh fly Neobel- 
lieria bullata. The introduction of D-amino acids to 5P chain resulted 
in a stronger oostatic effect, in comparison with the parent 5P. 
Apparently, this effect is evoked without involvement of specific 
receptors. Therefore, an autonomous function of ovaries in a process 
of active intake of oostatic peptide, via passing it through inter-spaces 
of the follicular cells, could be suggested. Due to the cleavage 
elimination of the peptide bonds that D-amino acids participate on, the 
D-isomers were degraded much slowly than the native 5P. The pro¬ 
longed survival and function of the D-isomeric molecules in the flesh- 
fly body could result in more ovaries influenced during a period of 
their development. In such way, the oostatic effect may be enhanced. 
Acknowledgments: Supported by the Czech Science Foundation No. 
203/06/1272 and the Research Project No. Z40550506. 

A peptidomimetic compound to protect cell from 
copper mediating amyloid-/! toxicity 

Wei-hui Wu, Peng Lei, Qian Liu, Jia Hu, Mei-sha Chen, 
and Yan-mei Li 

Department of Chemistry, Tsinghua University, Beijing 100084, 
China, liym@mail.tsinghua.edu.cn 

According to the amyloid- fKAfi) cascade hypothesis of Alzheimer’s 
disease (AD), Afi peptide harbors neurotoxic properties and the 
decelerated degradation of A[S may be the prime reason for Alzhei¬ 
mer’s disease (AD). Afi neurotoxicity involves forming peptide 
assemblies and evoking the generation of free radicals by binding and 
reducing reactive metals such as copper. The degradation of Afi 
decline in the early stages of AD progression and with aging. It has 
been reported that Afi aggregation blockers and copper chelators 
could have therapeutic benefits for AD. We show a multifunctional 
hybrid compound utilizing KLVFF as the recognition moiety, with 
the apocyclen ligating to KLVFF as the chelator. The apocyclen in 
this small molecular can capture Cu bound to Afi, become activated, 
and prevent both Afi oligomerization and toxicity as well as cleave 
the peptide. The strategy yielding this peptidomimetic compound has 
the potential to provide therapeutics for AD and other misfolding 
protein diseases. 


Anticoagulant activity of synthetic linear analogue 
peptides of 1811-1818 loop of the A3 subunit of the 
light chain A3-C1-C2 of FVIII blood coagulation 

K. Patsialas 1 , P. E. Makris 1 , G. Stavropoulos 2 , 
and M. Liakopoulou-Kyriakides 1 

'Faculty of Chemical Engineering, Section of Chemistry, 

Aristotle University of Thessaloniki, 54124 Thessaloniki, Greece 
department of Chemistry, University of Patras, Patras, Greece 

Coagulation is a major defense mechanism against bleeding but 
certain events as damage to the vessel wall or changes in blood flow 
can produce changes in the processes of coagulation that result in the 
pathological event of thrombosis. Factor VIII is a critical member of 
the blood coagulation cascade. In the intrinsic pathway, FIXa 
assembles on the surface of activated platelets as part of the intrinsic 
tenase complex comprised of FIXa, FVIIIa, phospholipids and cal¬ 
cium ions. Factor VIII is synthesized as a 2,332 amino acid single¬ 
chain glycoprotein. The domain organization is typically character¬ 
ized as A1-A2-B-A3-C1-C2. The mature protein has a molecular 
weight of ~ 300 kDa composed of a light chain and a heavy chain. 

Recent studies have identified the FVIII light chain region 
Glul811-Lysl818 as being involved in FIXa binding and in the 
assembly of the FX-activating-FIXa/FVIIIa complex. 

A series of eight peptide analogues of the 1811-1818 loop of the 
A3 subunit of the light chain A3-C1-C2 of FVIIIa were synthesized 
and examined for their anticoagulant activity. 

The activated partial thromboplastin time (APTT) and the FVIII 
activity were measured in vitro for all these peptides, according to 
procedures reported. Among the peptides investigated here, the pro¬ 
tected peptide Ac-ETKTYFWK-NH 2 presented a prolongation of APTT 
more than 6 s and a significant reduction of FVIII activity above 40%. 
Acknowledgments: This Research Project is co-financed: 80% by 
European Union-European Social Fund and 20% by General Secre¬ 
tary Research & Technology (PENED 03ED569) 


Phospholipid linked peptide for ultrasound imaging 
of angiogenesis 

R. Pillai', H. Fan, E. Marinelli 1 , N. Nanjappan', Bo. Song', 

P. Bussat 2 , I. Tardy 2 , S. Pochon 2 , and R. Swenson* 
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Tumor growth and proliferation require angiogenesis in which vas¬ 
cular endothelial growth factor receptor (VEGFR-2, KDR) plays a 
crucial role. Targeted ultrasound imaging employing microbubbles 
bearing a peptide or an antibody, has been demonstrated in animal 
models. The most common method for preparation of targeted mi¬ 
crobubbles is treatment of a streptavidin-coated microbubble with 
biotinylated targeting vectors. In order to optimally employ KDR 
targeted microbubbles in humans we sought to prepare phospholipid- 
based microbubbles bearing a KDR targeting ligand. The process for 
incorporation of a targeting vector into the phospholipid based mi¬ 
crobubbles requires a phospholipid conjugate of the KDR targeting 
group. Using methods developed in our laboratories for the dimer¬ 
ization of biologically active peptides, a heterodimeric peptide with 
high binding affinity to KDR was prepared. Methods for the prepa¬ 
ration of this high purity KDR targeting heterodimer peptide, its 
conjugation to a PEG linked phospholipid and its isolation employing 
eluent systems without trifluoroacetic acid are reported. A micro- 
bubble formulation incorporating the KDR targeting peptide- 
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phospholipid conjugate was successfully used for ultrasound imaging 
in an in-vivo angiogenesis model. 

Isolation of an iron-binding peptide from animal 
blood plasma protein hydrolysates 

Kyung Bin Song and Seung-Hwan Lee 

Chungnam National University, Daejeon 305-764, 

Republic of Korea 

As an essential mineral, iron can be supplied in salts, elemental iron, 
metal chelates, and iron- binding proteins or peptides. Despite being 
the most popular, iron salts have low bioavailability in the body 
because of their reactivity with other food components. On the con¬ 
trary, iron-chelated peptides increase the stability, absorption, and 
bioavailability of iron. Thus, peptide-chelated iron may be a suitable 
candidate as a supplement for improved iron absorption in the body. 
Therefore, the objectives of this study are aimed toward the devel¬ 
opment of porcine blood protein as a food ingredient and iron 
supplement, and the isolation of the iron-binding peptide from its 
hydrolysates. Porcine plasma protein was hydrolyzed using a com¬ 
mercial protease. The degree of hydrolysis and iron binding capacity 
were determined using the trinitrobenzenesulfonic acid and ortho- 
phenanthroline method, respectively. The hydrolysates of blood 
plasma protein were then filtered using YM-3 membrane, and an iron¬ 
binding peptide was isolated using gel permeation, ion exchange, and 
normal phase high-performance liquid chromatography. A novel iron¬ 
binding peptide from PBPP hydrolysates was purified and identified 
using liquid chromatography/electrospray ionization tandem mass 
spectrometry. The purified iron-binding peptide was identified to be a 
nonapeptide, Asp-Leu-Gly-Glu-Gln-Tyr-Phe-Lys-Gly (1,055 Da) 
based on mass spectrum and a sequence of porcine plasma protein. 
This is the first report regarding the isolation of an iron-binding nona¬ 
peptide from porcine blood plasma protein. These results suggest that 
the iron-binding peptide has a promising potential for the manufacture 
of functional food products as a supplement to iron. 


Phosphorylation 

Phosphoproteins on outer surface: a new target 
for controlling male fertility 

Debjani Nath 

Department of Zoology, University of Kalyani, Nadia, West 
Bengal, India, nath_debjani@yahoo.co.in 

Sperm cells are the haploid male gametes and they are unique micro¬ 
scopic motile cells that perform a unique function in biology: fertilization 
of ova. Sperm forward progression and maturation are established as an 
interactive process between the cell and its surrounding environment. 
The flagellar beat kinematics, sperm morphology and surface properties 
are responsible for the rate of forward progression. Since 1976 many 
studies have been reported on the occurrence of ecto protein kinases and 
phosphoproteins in a variety of cell types including spermatozoa but their 
precise biochemical identities are largely unknown. The ecto-CIK is a 
membrane specific novel multipotential dimeric enzyme responsible for 
the regulation of a no of cellular functions by modulating phosphoryla¬ 
tion of membrane bound proteins. This multipotential enzyme can be 
targeted as regulator of male fertility. 


Immobilized GSK-3 kinase and MAP kinase 
for modification of phosphopeptides 

Andrea Charvatova 1 , Marcela Slovakova 1 , Lucie Korecka 1 , 
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Attachment of phosphokinases GSK-3 kinase and MAP-kinase to 
magnetic microparticles carriers brings not only the advantage of an 
easy and repeated using but also non-contaminating and very specific 
and sensitive reaction on their substrates, i.e. phosphopeptides or 
phosphoproteins. 

The binding method of choice was to immobilize enzymes cova¬ 
lently by different methods, using particles with carboxylic, PGL, 
amino-, hydroxyl- and epoxy-functional groups, which showed 
enzyme activity close to zero. Reasons for failure were composed of 
non-oriented immobilization strategy and/or inactivation of the 
enzyme by reactive chemicals. As alternative proved was the 
attachment the enzymes tagged with Uis Tag by strong affinity 
interaction to IMAC carrier SiMAG-IDA/Nickel. 

The immobilized GSK-3 was proved by applying the enzyme 
reactor for transferring the phosphate group to Ser7 of CREB phos- 
phopeptide, in the mixture containing ATP. The substrate for 
immobilized MAP (ERK2) kinase used was the tyrosine hydroxylase 
sequence 24-33. 

Three methods based on different principles were utilized for 
confirmation of immobilized phosphokinases functioning. By the first 
one, the MALDI-TOF mass spectrometry, we confirmed the 79 Da 
mass shift of the substrate in one phosphate group. For the selective 
detection of phosphoproteins separated by polyacrylamide gel elec¬ 
trophoresis the Phos-Tag™ Phosphoprotein Gel Stain kit has been 
used. Beside this method based on selective enrichment of phos¬ 
phopeptides using titanium dioxide (Phos-trap™) was utilized for 
isolation of peptides modified by GSK-3 and MAP kinases. 
Acknowledgments: This work was supported by the MSMT 
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The phosphoproteome of Fusarium graminearum 
at the onset of nitrogen starvation reveals 
phosphopeptides from proteins with a potential 
role in mycotoxin regulation 
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The steps comprising the synthesis of deoxynivalenol (DON) and its 
derivatives by Fusarium graminearum are well understood, but its 
regulation at the molecular level is not. We are investigating a 
potential role for protein phosphorylation in initiating DON synthesis 
during nitrogen starvation in vitro. Multidimensional separation and 
analysis (‘GeLCMS’) was used to probe the phosphoproteome of F. 
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graminearum after the onset of DON synthesis. Proteins were first 
separated by SDS-PAGE; following a trypsin digest, peptides were 
extracted from gel slices and phosphopeptides enriched from these by 
a combination of immobilized metal affinity nano-scale chromatog¬ 
raphy and titanium dioxide affinity chromatography. Enriched 
samples were analyzed by LC-MS using a tandem mass spectrometer 
performing neutral loss scans on the most intense ions in the eluant to 
facilitate the detection and identification of phosphopeptides. The 
Mascot search engine was used to query the F. graminearum database 
for the identification itself. Over 200 phosphopeptides 30 samples 
from F. graminearum grown on nitrogen-poor media at t = 0, 6 h and 
12 h (10 gel slices per time-point). Phosphorylation sites were 
assigned to all of them and confirmed manually by observing the 
presence of a neutral loss of 98 in the mass spectra. The peptides were 
from proteins involved in the regulation of protein synthesis, general 
metabolic enzymes, biosynthetic enzymes and proteins of unknown 
function. Many contained consensus kinase sequences. The biological 
role of some of these proteins in regulating DON synthesis will be 
assessed in vivo by producing F. graminearum mutants and measuring 
both their virulence and ability to produce DON. 


Polyamines 

Polyamine importers, including a novel putrescine 
importer, required for swarming induced by 
extracellular polyamines in Escherichia coli K-12 

Shin Kurihara 1 , Hideyuki Suzuki 1 , Mayu Oshida 2 , Yuichi 
Tsuboi 2 , Yuma Ogasa 2 , and Yoshimi Benno 3 
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Recently, many studies have reported that polyamines play roles in 
cell-to-cell signalling processes in bacteria. This presentation shows 
polyamine importers, including a novel putrescine importer, required 
for inducing swarming motility. The swarming phenotype of the 
Escherichia coli Delta-sp&4B Delta-speC strain, which cannot pro¬ 
duce putrescine, is dependent on spermidine and PotABCD, a 
spermidine importer which was discovered in the 1990s. Moreover, 
the swarming motility of the Escherichia coli Delta-speAB Delta- 
speC Delta -potABCD strain, which cannot produce putrescine and 
cannot import spermidine from medium, was induced by putrescine 
supplemented to the medium. The responsible putrescine importers 
were searched, but introduction of the deletion of genes encoding 
known polyamine importers, Delta-pofE, Delta- potFGHI. and Delta- 
puuP , and introduction of the deletion of genes encoding putative 
polyamine importer, Delta -ydcSTUV, into the Delta -speAB Delta- 
speC Delta -potABCD strain did not affect swarming induction by 
putrescine. The deletion of yeeF, a homologue of puuP and annotated 
to be a putative putrescine importer, in the Delta-speAB Delta-.speC 
Delta -potABCD Delta-ydcSTW strain abolished the swarming 
motility in putrescine-supplemented medium. The complementation 
of yeeF by a plasmid vector restored the swarming motility. The 
transport assay and the analysis of polyamine concentration in cells of 
the strains with yeeF* or Delta-yeeF in the Delta -speAB Delta-.speC 
Delta -potABCD Delta-ydcSTT/V genetic background revealed that 
YeeF was a novel putrescine importer. 


Oxidation and degradation of y-glutamylputrescine 
synthetase in Escherichia coli K-12 
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y-Glutamylputrescine synthetase (PuuA) catalyzes ATP-dependent 
y-glutamylation of putrescine and PuuA is a part of putrescine meta¬ 
bolic pathway (Puu pathway) in Escherichia coli. The previous study 
shows that PuuA and glutamine synthetase (GS) of E. coli have several 
similar properties. For example, the amino acid sequences of PuuA and 
GS show high similarity. Moreover, the molecular weights of the 
monomers of the two enzymes are similar, and they exist as dodeca- 
mers. GS has a very interesting character. When GS is taken metal- 
catalyzed oxidation, the oxidative modification of GS plays a role of 
signal for degradation and GS is degraded. The two amino acid residues 
of E. coli GS which are important for metal-catalyzed oxidation of this 
enzyme are conserved in PuuA. Therefore, PuuA was supposed to have 
the same oxidation and degradation system as GS. In this study, metal- 
catalyzed oxidation and degradation of PuuA was examined using 
FeCl3 and DTT as a metal-catalyzed oxidation system. When a purified 
PuuA was treated with FeCl 3 and DTT, the enzyme activity was lost 
gradually. The cell-free extract was also oxidized with FeCl 3 and DTT, 
and the stability of PuuA was monitored by Western blotting. As a 
result, when the cell-free extract was oxidized, the band of PuuA dis¬ 
appeared. This indicates that oxidized-PuuA was degraded by some 
proteases in the cell-free extract. 

Supported liquid membrane extraction 
of polyamines from urine and other biological 
samples: novel way of sample preparation 
prior HPLC 

Katarzyna Pokajewicz and Piotr P. Wieczorek 
Faculty of Chemistry, Opole University, Opole, Poland 

Polyamines are small, aliphatic amines involved in neoplastic process. 
Their elevated concentrations were found in tissues and urine of many 
cancer patients. Therefore they are considered as unspecific tumor 
markers and their determination in biological fluids possesses diagnostic 
relevance. Unfortunately polyamines pose many analytical problems. 
They are unstable, very polar compounds without chromophore groups 
what makes their analysis not so straightforward. The commonly applied 
liquid-liquid extraction is tedious, non-ecological, non-economic tech¬ 
nique and above all is very labor-consuming. Therefore, new simpler 
methods are sought, ideally—with the potential to full automatization. 
Membrane-based extraction techniques are attractive alternative to tra¬ 
ditional ones. In supported liquid membrane (SLM) the organic extractant 
liquid is immobilized in pores of polymeric support. The SLM extraction 
combines extraction of an analyte to organic phase and its reextraction to 
the aqueous phase in one process. The technique is cheap, leaves extre¬ 
mely little organic liquid waste, consumes little labor and time. Moreover 
it enables simultaneous clean up and enrichment of analyte. 

In our work we investigated the SLM extraction of polyamines 
from urine and other biological samples followed by HPLC analysis. 
We optimized the extraction parameters and compared two different 
membrane geometries (planar and hollow fiber) along with two dif¬ 
ferent systems of extraction (dynamic and static). It appeared that 
planar membrane in flowing system enables more efficient extraction 
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of polyamines than hollow fiber, but gives less enrichment. Never¬ 
theless, both studied SLM extraction systems offer an interesting 
alternative to traditional liquid-liquid extraction for the extraction of 
polyamines from biological samples. 


Proteins and proteomics 

The reproductive role of multiple functional sites on 
P12, a Kazal-type trypsin inhibitor from male 
accessory sexual glands of mice 

Yee-Hsiung Chen, Chung-Mao Ou, and Mei-Shan Huang 
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We have demonstrated P12 (Spink 3: serine protease inhibitor, Kazal 
type 3), a 6-kDa caltrin-like protease inhibitor, in the mouse seminal 
vesicle secretion, and identified the reactive site (R 19 ) for its inhibitory 
effect on trypsin, the active site (Y 21 or/and D 22 ) for the binding to the 
plasma membrane overlaying the anterior zone of intact spermatozal 
acrosome, and three epitopes on the N-terminal region, 43 RKR 45 , and 
the C-terminal region. The three epitopes on one sided are three- 
dimensional distant from R 19 , Y 21 , and D 22 on the P12 molecule. We 
have determined a K; value of 0.15 nM in the P12-trypsin interaction 
and a single type P12-binding site on mouse sperm (1.49 x 10 s sites/ 
cell) with a K d value of 70 nM. Further, our recent study manifests two 
significant findings in mammalian reproduction: (1) P12 itself induces 
neither the capacitation nor the acrosome reaction of sperm and gives no 
impact on the protein tyrosine phosphorylation associated with the 
sperm capacitation, but it can greatly suppress the acrosome reaction 
induced by BSA, ionophore A23187, or both together. Such an inhib¬ 
itory effect of P12 accompanies with a decrease in the intracellular 
[Ca 2+ ] in the space between the plasma membrane and the outer 
membrane of acrosome; (2) The P12-binding zone remains on the 
sperm in the uterine lumen but disappears on the sperm in the oviduct 
after the coitus. The presence of P12 even lowered to 12 pM in the 
incubation for in vitro fertility assay results in a great reduction of 
fertility. These data together manifested an indispensable mechanism of 
removing P12 from sperm before the egg-sperm encounter in the ovi¬ 
duct for fertilization under naturally coitus. The serine-type protease 
activity in the uterine fluid but not the BSA-induced capacitation is 
involved in the mechanism. 


Purification and characterization of immunogenic 
proteins from the cattle tick, Boophilus annulatus 
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Cairo, Egypt 

Identification of antigens that induce an immune response against tick 
infestations is required for the development of vaccines against these 
economically important ectoparasites. In order to identify protective 
antigens, two specific larval glycoproteins (GLPs) were isolated from 


the larval stage of the cattle tick, Boophilus annulatus (Acari: Ixodidae), 
by two-steps affinity chromatography. The larval immunogens were 
first purified using CNBr-Sepharose coupled to rabbit anti-larval 
immunoglobulins, and the glycoproteins were then purified with Con-A 
Sepharose. These glycoproteins have molecular weights of approxi¬ 
mately 32 and 15 kDa with isoelectric points between 6.8 and 7.2. 
Antibodies against the two GLPs, labeled I and II, were detected in the 
anti-whole tick, - whole larval, and -gut antigens through immunoblot 
analysis. These results suggest that these GLPs are good immunogens 
and can be useful in the vaccination of cattle against tick infestation. 

The effect of crowding agent on the rate 
of aggregation of denatured a-lactalbumin 

Arezou Ghahghaei 

Department of Biology, Faculty of Science, University of Sistan 
and Baluchestan, Zahedan, Iran 

Abstract: The structurally destabilized protein can aggregate and 
precipitate out of solution. The sHsp protein, a-crystallin, acts as a 
molecular chaperone stabilizing target proteins under stress conditions 
through the formation of a soluble complex. In this study, the effects of 
a-crystallin during its interaction with structurally destabilized a- 
lactalbumin, in the presence of the macromolecular crowding agent, 
dextran, have been examined. The interaction between the proteins 
was investigated by visible absorption spectroscopy, intrinsic fluo¬ 
rescence spectroscopy, ANS fluorescence binding and 'H NMR 
(nuclear magnetic resonance) spectroscopy. In the presence of dextran, 
the rate and extent of aggregation of target protein was enhanced, a- 
Crystallin prevented aggregation of target protein but not as well as in 
the absence of dextran. It is proposed that a dextran-induced changes 
to protein conformation and a-crystallin was less effective in pre¬ 
venting the aggregation and precipitation of target proteins. 

Analysis of isoforms of calcium independent 
phospholipase A2 in human platelets 

Sheila Barreto Guterres 1 , Emanuel Carrilho 1 , 
and Wagner Farid Gattaz 2 

'institute of Chemistry at Sao Carlos, University of Sao Paulo, 

Sao Paulo, Brazil 

institute of Psychiatry, Faculty of Medicine, 

University of Sao Paulo, Sao Paulo, Brazil 

The phospholipases A2 (PLA2) are large family of enzymes classified 
in many groups and subgroups. These enzymes catalyse the hydrolysis 
of the sn- acyl-ester bonds of phospholipids of cell membrane, releasing 
free fatty acids and lysophospholipids. The calcium independent 
phospholipases A2 of group VI (iPLA2 G VI) are involved in remod¬ 
eling of phospholipids of cell membrane, and pretty expressed in brain 
tissue and related to neurodegenerative diseases, such as schizophrenia 
and Alzheimer’s disease. Previous reports have showed that the activity 
of PLA2 in human platelets is increased in schizophrenic patients and 
decreased in patients with Alzheimer’s disease when compared with 
controls. The cloning of human cDNA of iPLA2 gene showed that 
multiple splice variants are generated from a single gene thus a new 
mechanism was proposed for their activity. The purpose of this work is 
the separation and identification of isoforms of iPLA2 GVI in human 
platelets using two-dimensional electrophoresis, immunodetection and 
mass spectrometry. Our results have showed that conditions of 
extraction of proteins may impair the iPLA2 precipitation. The best 
conditions of sample preparation have been chloroform/methanol 
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precipitation either folding or unfolding conditions. Acetone precipi¬ 
tation has been effective only under folding conditions. So far, two- 
dimensional separation has not been carried out because iPLA2 iso¬ 
forms have not been focused therefore it has not been transferred to gel 
of the second dimension. Currently, we have been verified that isoforms 
focusing have been improved by the addition of more percentage of 
DTT and IPG buffer in re-hydratation solution. 

Hydroxamic acids, novel inhibitors of serine 
racemase, interact with pyridoxal-5'-phosphate 

Jiraskova Jana 1 *, Hoffman Hillary 1 *, Cigler Petr 1,3 , 

Schraml Jan 2 , Sanda Miloslav 1 , and Konvalinka Jan 1 
*These two authors contributed equally 

'lOCB AS CR, Flemingovo n.2, Praha 6, 166 10, Czech Republic 
2 ICPF AS CR, Rozvojova 2/135, Praha 6, 165 02, Czech Republic 
3 TSRI, 10550 North Torrey Pines Road, La Jolla, CA 92037, USA 

Mammalian serine racemase (SR) is a pyridoxal-5'-phosphate (PLP) 
dependent enzyme responsible for production of the neurotransmitter 
D-serine, which activates NMDA receptors in the CNS. As such, SR 
could be involved in glutamatergic neurodegenerative cascades. 
Recent results by Inoue et al. show that SR knock-out mice indeed 
have reduced NMDA and //-amyloid neurotoxic effects. The role of 
NMDA receptors in schizophrenia has also been generally accepted. 
Moreover several studies reveal correlations of D-serine metabolism 
and schizophrenia. Inhibitors of SR would therefore be a worthwhile 
tool for further studies in the fields. So far there are two known potent 
competitive inhibitors, L-eryt/iro-3-hydroxyaspartatc and malonate, 
with Kj values of 43 and 71 pM, respectively. 

Here we present results from further screening of small molecule 
analogues for their SR inhibition. We introduce several new hy- 
droxamic and dihydroxamic acid inhibitors; the most potent inhibitor 
ever described is succinodihydroxamic acid with the K x of 
(3.6 ± 0.6)|iM To our surprise, some of the active compounds, 
including succinodihydroxamic acid, act as both competitive SR 
inhibitors with Ki in low (iM range and, at higher concentrations, as 
irreversible nonspecific inhibitors of PLP-dependent enzymes. We 
employed NMR, MS, and UV/Vis spectroscopic techniques to reveal 
that the irreversible nonspecific effect could be due to interaction of 
the hydroxamic acid moiety with PLP. 


The loss of interaction to serine O-acetyltransferase 
(SAT) in some members of the OASS (O-acetylserine 
sulfhydrylase) family may be one of the important 
mutations leading to their differentiation into CAS 
(/J-cyanoalanine synthase) during evolution 

Lai Kwok Wai and Yip Wing Kin 

School of Biological Sciences, The University of Hong Kong, 

Hong Kong, People’s Republic of china 

CAS and OASS are belonged to the //-substituted Ala synthase (Bsas) 
family and demonstrated to have overlapping catalytic activities in 
cyanide detoxification and cysteine synthesis in vitro. However, the 
CAS activity must evolve later because the CAS must rely on the 
cysteine supply from OASS. CAS is a unique member in rice mito¬ 
chondria; while OASS with at least three members localize to cytosol, 
plasmids and mitochondria in Arabidopsis. It is doubtful whether 
OASS can work properly in an alkaline environment like mitochon¬ 
drial matrix, hut CAS can maximize its activity at this pH and 


mitochondrial matrix also act as an alkaline trap for cyanide. It is 
possible that CAS evolved from a mitochondrial OASS to remove 
cyanide derived from cyanogenic compounds including 1-aminocy- 
clopropane-l-carboxylic acid during ethylene biosynthesis, so as to 
protect the electron transport during respiration. 

The roles of amino acid residues on rice CAS were investigated by 
mutagenesis in a yeast expression system. The specific activity of the 
wild type rice CAS was determined to be 111.3 pmol H 2 S/min/mg 
protein. A mutation on putative co-factor pyridoxal 5'-phosphate 
(PLP) binding Lys" caused a loss of CAS activity; mutations on 
Lys 120 and Lys 168 to Glu decreased an affinity of cyanide binding 
significantly; a mutation on Leu 275 to Lys to re-build the putative SAT 
interacting interface in rice CAS caused a significant drop in specific 
CAS activity. The last mutagenesis result suggests that the loss of 
SAT interacting domain in OASS would be an important event 
leading to CAS differentiation during evolution. 

Functional roles of hinge region, loops 3 and 4 in the 
modular halves of Escherichia coli cyclic AMP 
receptor protein 

Xianrong Shen 1 ’ 2 , Xueping Guo, Feng Li 1 , and Shaoning Yu 1 

'Department of Chemistry, Fudan University, Shanghai 200433, 
China 

2 Naval Medical Research Institute, PLA, Shanghai 200433, China 

Escherichia coli cAMP receptor protein (CRP) is a homodimer in 
which each subunit is composed of two functional domains. The C- 
terminal domain is responsible for DNA recognition, whereas the N- 
terminal domain is involved in cyclic nucleotide binding which leads to 
the activation of CRP. The hinge region that links the two function 
domains plays a pivotal role in the allosteric signal transmission 
pathway, whereas loop 3 (between //-strands 4 and 5) and loop 4 
(between //-strands 6 and 7) are involved in global structural pertur¬ 
bations such as subunit realignment and domain rearrangement. To test 
the functional roles of the hinge region, loop 3 and loop 4 in the in¬ 
tersubunit interaction in CRP and effects of these two loops on CRP’s 
biological functions, WT CRP, insertion and insertion-deletion mutants 
were studied using two proteolytic fragments of these proteins. Sub- 
tilisin digestion produces a fragment (S-CRP) of CRP with residues 1- 
134, while chymotrypsin digestion produces a fragment (CH-CRP) of 
CRP consisting of residues 1-137 with a hinge region tagged at the end 
of C-helix. All results indicate that the allosteric signal transmission 
process that induced by cAMP is most likely a result of overall 
realignment of the two subunits within a CRP dimer. 

Identification of cPKCgamma interacting proteins 
involved in cerebral ischemic/hypoxic 
preconditioning 

Xiangning Bu, Nan Zhang, Sujuan Feng, Xu Liu, Jing Liang, 

Jianli Du, Leiming Sui, Song Han, Junfa Li 

Department of Neurobiology and Beijing Institute for 
Neuroscience, Capital Medical University, Beijing 100069, 

People’s Republic of China; junfali@ccmu.edu.cn 

Cerebral ischemic/hypoxic preconditioning (I/HPC) is an endogenous 
protective phenomenon which protects brain against subsequent 
severe ischemia/hypoxic injuries. Using our established autohypoxia- 
induced I/HPC mouse model. We found that conventional protein 
kinase C (cPKC) gamma (y) activation is involved in the 
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neuroprotective effect of I/HPC against middle cerebral artery 
occlusion (MCAO)-induced focal cerebral ischemic injury. However, 
the alteration of cPKCy interacting proteins in brain is unknown. In 
this study,we explored the changes in cPKCy interacting protein 
expressions after I/HPC and ischemia by using comparative proteo- 
mic approaches. Adult male BALB/C mice were assigned into four 
groups as follows: sham, ischemia, I/HPC+ ischemia with or without 
cPKC inhibition (Go6983) groups. Tissue extracts from cortex were 
subjected to two-dimentional electrophoresis, and the gel spot pat¬ 
terns were analysed by using the 2D Platinum software. Totally, 
nineteen protein expressions changed significantly in I/HPC+ ische¬ 
mia group when compared with ischemia group. Among them, the 
changes of eight proteins could be abolished by cPKCy inhibition, 
which including dynamin-1, HSP60, HSP70, lactoylglutathione lyase, 
peroxiredoxin 2, y-enolase, ubiquitin carboxyl-terminal hydrolase 
isozyme LI and NADH dehydrogenase [ubiquinone] flavoprotein 2. 
Immunoprecipitation study showed that cPKCy can directly interact 
with these proteins except lactoylglutathione lyase and peroxiredoxin 
2. These proteins are involved in biological processes including 
cytoskeleton, chaperon, stress/antixoidants, metabolism, ubituitin 
proteasome system and oxidation phosphorylation. Taken together, 
we firstly identified the cPKCy signaling related proteins involved in 
the development of cerebral I/HPC. Further studies will be focused on 
the effects of these differentially expressed proteins on focal cerebral 
ischemic injuries. 
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dred-Thousand-Ten Thousand Excellent Talents of New Century (Li 
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Beijing Municipality (PHR200906116). 

Molecular cloning and sequencing of Penicillin 
acylase enzyme from Shigella boydii 

Seyed Hassan Montazam 1 , Safar Farajnia 2-3 , and Raheb Aboshof 4 

'Microbiology Department, Islamic Azad University, 

Bonab Branch, Iran 

2 Drug applied Research Center, Tabriz University of Medical 
Sciences, Tabriz, Iran 

biotechnology Research Center, Tabriz University of Medical 
Sciences, Tabriz, Iran 

4 Microbiology Department, Biology faculty, Baku State 
University, Azerbaijan Republic 

Biology is a rich science regarding advances in experimental techniques 
that produce various proteins and other materials. The resulting product, 
6-aminopenicillanic acid (6-APA), is utilized in the production of a 
variety of semi synthetic Penicillin. Formation of active PGA includes a 
series of post translational steps via translocation and periplasmic 
processing. The production of PGA by recombinant protein technology 
can produce PGA enzyme more and cheap. The aims were: (1) 
screening of non E. coli members of Enterobacteriaceae from envi¬ 
ronmental and clinical specimens for PGA by PCR. (2) PGA cloning 
from non E. coli bacteria and sequencing of the gene. (3) Expressing of 
cloning PGA in the E. coli. 

In this study, 290 non E. coli, Enterobacteriaceae were isolated from 
environmental and clinical specimen. A PGA positive strain (Shigella 
boydii) was isolated. DNA was separated from this isolate and was 
entered in PCR reactions using primers designed on conserved region of 
PGA genes. The PCR product was cloned in pGEM-Teasy vector. 


Sequencing of cloned portion indicated that the gene encoding Peni¬ 
cillin G acylase from Shigella boydii included an open reading frame of 
2538nucleotide encoding 846 amino acids. Survey of sequencing result 
revealed that this gene contain 98% homology to previously reported 
PGA from a Shigella boydii strains. Results of this study indicated that 
the polymerase chain reaction method is a very sensitive and specific 
method that can be utilized for screening of PGA genes from different 
samples. 

From MALDI high energy CID (collision-induced 
dissociation) for structure elucidation 
of biomolecules to MALDI imaging mass 
spectrometry of biological surfaces 

Martina Marchetti-Deschmann, Ernst Pittenauer, 
and Guenter Allmaier 

Institute of Chemical Technologies and Analytics, Vienna 
University of Technology, 1060 Vienna, Austria 

Peptides and lipids have been analyzed extensively so far by various 
desorption/ionization techniques as, e.g. FAB, ESI and MALDI. Tan¬ 
dem and multistage mass spectrometric approaches for detailed 
structural investigation utilizing CID of these analytes were performed 
mainly on triple quadrupole instruments, IT, hybrid devices (Q/RTOF), 
IT/RTOF), sector instruments, or, more recently, on TOF instmments. 
Whereas the former three types of instruments allow only low-energy 
CID (<200 eV collision energy), the latter two are operated under high- 
energy CID conditions (1 up to 20 keV). Characteristic features for low- 
energy CID spectra of biomolecules are fragmentations related to car¬ 
bon-heteroatom cleavages. For high-energy CID spectra additional 
carbon-carbon cleavages, requiring typically higher collision energies, 
are observed. Especially TOF/RTOF instruments fitted with a grounded 
or floating collision cell and differential pumping offer the possibility of 
vacuum MALDI in combination with true high-energy CID in the 
20 keV regime thus allowing detailed structural analysis (e.g. leucine/ 
isoleucine, double bond location in fatty acids) To demonstrate the 
influence of the selected, quite different collision energies on the 
appearance of resulting CID spectra two different MALDI-TOF/RTOF- 
and one MALDI IT/RTOF-instrument were used: the ABI 4700 
(1 keV), the Shimadzu TOF 2 (20 keV) and Shimadzu QIT (4-100 eV). 
Of particular focus will be the information content of the individual CID 
data for structure determination of unknowns in “omics”-related 
research. Finally, MALDI TOF/RTOF- and Q/RTOF-MS will be used 
to perform imaging MS of small proteins directly from a biological 
surface as natural latex to detect proteinuous allergens and determine 
their lateral distribution. 

Proteomic analysis of livers from a transgenic mouse 
line with activated polyamine catabolism 

Marc Cerrada-Gimenez 1 , Jukka Hayrinen 2 , Sisko Juutinen 1 , 

Tuula Reponen 1 , Juhani Janne*, and Leena Alhonen* 

'Department of Biotechnology and Molecular Medicine, 

A.I. Virtanen Institute for Molecular Sciences, University 
of Kuopio, Kuopio, Finland 

department of Biosciences/Biochemistry, University of Kuopio, 
Kuopio, Finland, cerrada@messi.uku.fi 

We have generated a transgenic mouse line that overexpresses the rate¬ 
controlling enzyme of the polyamine catabolism, spermidine/spermine 
N* acetyltransferase, under the control of a heavy metal inducible 
promoter (MT-SSAT). This line is characterized by a notable increase 
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in SS AT activity in liver, pancreas and kidneys and a moderate increase 
in the rest of the tissues. SSAT induction results in a enhanced poly- 
amine catabolism manifested as a depletion of spermidine and spermine 
and an overaccumulation of putrescine in all tissues. In order to study 
how the activation of polyamine catabolism affects other metaholic 
pathways, protein expression pattern of the livers of transgenic animals 
was analyzed by two-dimensional polyacrylamide gel electrophoresis 
(2D-PAGE) and mass spectrometry (MS). 

A total of 23 proteins were shown to be differentially expressed in the 
transgenic and wild-type animals. Many of the identified proteins showed 
expression patterns expected associated with polyamine catabolism 
activation. However, the expression pattern of other proteins, such as 
repression of GST pi and selenium binding protein 2 and 60 kDa heat 
shock protein, could be explained by the overexpression of peroxisome 
proliferator-activated receptor y co-activator 1 a in response to depleted 
ATP pools. The activation of the latter proteins is thought to lead to the 
improved insulin sensitivity seen in the MT-SSAT animals. 

Characterization of the interaction between human 
serum albumin and paclitaxel: Spectroscopic 
approaches 

J. Chamani 

Department of Biology, Faculty of Science, Islamic Azad 
University-Mashhad Branch, Mashhad, Iran, 
chamani@ibb.ut.ac.ir 

The interaction of paclitaxel with human serum albumin (HSA) has 
been investigated by using fluorescence, UV absorption and circular 
dichroism spectroscopic approaches for the first time. Fluorescence 
data revealed the presence of a specific binding site on HSA for pac¬ 
litaxel and the binding affinity was 2.41 ±0.17 x 10 -5 L mol - 'inthe 
physiological condition. The HSA-paclitaxel interaction caused an 
obvious red shift of the UV absorption band I of paclitaxel and paclit¬ 
axel bound to the protein as an anionic species with deprotonation of one 
hydroxyl group on B ring in the physiological condition (pH 7.4). It was 
also noticed that the level of protonation of the hydroxyl groups played 
an important role during the drug-protein. The results of synchronous 
fluorescence spectra and three-dimensional fluorescence spectra 
showed that binding of paclitaxel to HSA can induced conformational 
changes in HSA. The interaction between paclitaxel and HSA induced 
an obvious reduction of the protein alpha helix and beta-sheet struc¬ 
tures. The second derivative of HSA fluorescence spectra in the 
presence of paclitaxel were characterized in order to describe changes in 
the tryptophan environments of proteins. The relative peak composition 
of the HSA derivative spectra excited at 295 nm is indicative of the 
rather hydrophobic environment of its tryptophan residue (H = 0.95), 
as expected from HSA structures. On the other hand, excitation of 
samples at 280 nm revealed the influence of the high tyrosine content of 
HSA in the region of emission below 320 nm. 

TAP-proteomics to study GPCR signaling: 

The interactome of the adenosine-A2A receptor 

Christian W. Gruber and Michael Freissmuth 

Center for Biomolecular Medicine, Medical University 
of Vienna, Waehringer Str. 13a, 1090 Vienna, Austria; 

Christian. w.gruher@meduniwien.ac.at 

The A 2A -receptor is a prototypical G s -coupled receptor, which has 
several unique structural and functional characteristics. In contrast to 
the classical model of collision coupling described for the 


^-adrenergic receptors, the A 2A -receptor couples to adenylyl cyclase 
by restricted collision coupling and forms a tight complex with G s . 
The A 2A -receptor has a long C-terminus (of >120 residues), which 
is for the most part dispensable for coupling to G s . It was originally 
viewed as the docking site for kinases and the /J-arrestins, which 
initiate receptor desensitization and endocytosis. The A 2A -receptor 
is, however, fairly resistant to agonist-induced internalization. 
Recently, the C-terminus has been appreciated as a binding-site for 
several additional “accessory” proteins, of which only few are 
established. 

Our aim is to document which of these interactions do occur in 
living organisms by characterizing the interactome of the A 2A - 
receptor using a two-step proteomics approach: we expressed tagged 
receptors in cells using various TAP-tag variants; this allowed for 
characterization of the expression and functionality of the modified 
(tagged) receptors, optimization of the purification conditions and an 
initial survey of interaction partners using a 2D-nano-LC-MS/MS 
approach. Subsequently we are generating knock-in mice to afford the 
isolation of receptor complexes from native tissues. 

This approach allows for testing which protein-complexes (sig- 
nalosome) are preferentially formed under specific conditions and 
their analysis may not only aid the development of treatments for 
A 2A -receptor related diseases, but provide the proof-of-principle for 
the entire family of GPCRs. 


Identification and characterization of serotonin 
receptors by gel-based proteomics 

Seok Heo and Gert Lubec 

Department of Pediatrics, Medical University of Vienna, Vienna, 
Austria 

Even though conventional two-dimensional gel electrophoresis is 
widely used for proteomics, highly insoluble transmembrane pro¬ 
teins are still limited for application because of their high 
insolubility, lipids and other artifacts. And its chaotropic environ¬ 
ment makes hydrophobic membrane proteins difficult to analyze for 
their complex constituent and binding partners. Detergents play 
important roles for isolation, solubilization and manipulation of 
membrane proteins and their subsequent biochemical and biophys¬ 
ical characterization. We can analyze insoluble hydrophobic 
membrane proteins by combining appropriate detergents with vari¬ 
ous separation methods coupled with mass spectrometry. The 
serotonin receptor is an important G-protein coupled neurotrans¬ 
mitter receptor involved in various roles such as behaviors, 
cognitive function and development. These hydrophobic trans¬ 
membrane neurotransmitter receptors are also difficult to isolate, 
solubilize and identify in a native form via conventional gel elec¬ 
trophoresis. We used discontinuous gel electrophoresis using 
Coomassie staining dye and nonionic detergent Triton X-100, 
dodecyl maltoside, digitonin with subsequent one- or two-dimen¬ 
sional SDS-PAGE step using different gradient polyacrylamide gel 
electrophoresis system followed by mass spectrometry. It was the 
aim of study to separate and identify serotonin receptors and its 
binding partners from mice hippocampi. For this experiment sam¬ 
ples were homogenized, soluble proteins were discarded by 
ultracentrifugation and the water-insoluble membrane-enriched pel¬ 
let was resuspended in a mixture containing 6-aminocaproic acid, 
Bis-Tris and nonionic detergents. Blue Native PAGE (BN-PAGE) 
was performed under cooled condition without SDS. BN gel strip 
containing separated proteins and protein complexes was excised 
and re-run on SDS-PAGE. Proteins were identified and analyzed by 
nano-HPLC-ESI-(CID/ETD)-MS/MS. 
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Gel-based mass spectrometric analysis of a strongly 
hydrophobic GABAA receptor subunit containing 
four transmembrane domains 

Sung-Ung Kang 1 , Karoline Fuchs 2 , Werner Sieghart 2 , 

Arnold Poliak 1 , Edina Csaszar 3 , and Gert Lubec 1 

'Department of Pediatrics, Medical University of Vienna, 
Waehringer Guertel 18, 1090, Vienna, Austria 
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Brain Research, Medical University of Vienna, Waehringer 
Guertel 18, 1090 Vienna, Austria 

3 Mass Spectrometry Facility, Max F. Perutz Laboratories, 

Dr. Bohr-Gasse 3, 1030 Vienna, Austria 

Analysis of highly hydrophobic proteins is still an analytical chal¬ 
lenge. Using a recombinant GABA a receptor subunit as a model 
protein, a gel-based proteomic approach for high MS/MS-peptide 
sequence coverage-identification was developed. 

Protein samples were separated by multi-dimensional gel elec¬ 
trophoresis: blue native gels were used to obtain bands representing 
receptor complexes followed by one-dimensional SDS-PAGE of 
individual excised bands that were finally run on two-dimensional 
SDS-PAGE to obtain optimal separation of protein spots. The protein 
spot representing the GABA a receptor subunit alpha-1 from the last 
electrophoretic step was used for in-gel digestion with trypsin, chy- 
motrypsin and subtilisin, followed by subsequent mass spectrometric 
identification by nano-ESI-LC-MS/MS QstarTM XL and linear ion 
trap LTQ XL identification. 

The protein was unambiguously identified with 100% sequence 
coverage, thus covering all four hydrophobic transmembrane 
domains. Development of gel-based mass spectrometric analysis may 
represent a step forwards forward in the complex analysis of other 
membrane or hydrophobic proteins. 

Proteomic analysis of larvae during metamorphosis 
in the spionid polychaete Pseudopolydora vexillosa 

Flora Mok 1 , Vengatesen Thiyagarajan 2 , and Pei-Yuan Qian 1,3 

'Department of Biology/Atmospheric, Marine and Coastal 
Environment Program, The Hong Kong University of Science 
and Technology, Hong Kong SAR, China 
2 Swire Institute of Marine Science/School of Biological Sciences, 

The University of Hong Kong, Hong Kong SAR, China 
3 CAS/SAFEA International Partnership Program for Creative 
Research Teams, South China Sea Institute of Oceanology, 

Chinese Academy of Sciences, Shangai, China 

Metamorphosis in marine invertebrates is a critical process that will 
subsequently impact their recruitment success and the population 
dynamics. Yet the molecular mechanisms behind metamorphosis 
remain largely unknown. Proteomic technologies have been widely 
used in model organisms to detect protein expression profile changes, 
but their applications on marine organisms are at an early stage. As part 
of our study to understand the mechanisms behind larval metamor¬ 
phosis of a polychaete (Pseudopolydora vexillosa), we analyzed the 
proteomes during metamorphosis using two-dimensional gel electro¬ 
phoresis. We compared the global protein expression patterns of pre- 
competent and competent larvae (those ready to settle and metamor¬ 
phose), and newly metamorphosed juveniles. The proteomes of pre- 
competent larvae were significantly different from those of competent 
larvae and newly metamorphosed juveniles. We detected significantly 
fewer protein spots (384 spots) in pre-competent larvae than in the other 
two stages, while the proteomes of competent larvae and newly 


metamorphosed juveniles both expressed about 660 protein spots. 
Some proteins that were abundantly expressed and up-regulated during 
competence were identified using MALDI-TOF/TOF; the identified 
proteins included a molecular chaperone (calreticulin), a signal trans¬ 
duction regulator (tyrosin activation protein) and a tissue-remodeling 
enzyme (metallopeptidase). This is the first study of the proteome 
patterns present during larval development and metamorphosis in 
polychaetes. The similar protein expression profiles shows that further 
investigations on post-translational modifications is required to answer 
the morphological changes during metamorphosis. 


Quantitative proteomics of ubiquitin pathways 

Ping Xu 1 , Nicholas T. Seyfried 1 , Due M. Duong 1 , Dongmei 
Cheng 1 , and Junmin Peng 1 

'Department of Human Genetics, Center for Neurodegenerative 
Diseases, Emory University, Atlanta, GA, USA, 
jpeng@genetics.emory.edu 

Protein ubiquitination plays an essential regulatory role within all 
eukaryotes. Large-scale analyses of ubiquitinated proteins are usually 
performed by affinity purification strategies coupled with mass 
spectrometry (MS). We have developed a series of methods to enrich, 
identify, and quantify ubiquitinated species, as well as to systemati¬ 
cally remove co-purified false positives. Moreover, we have 
developed bottom-up and middle-down MS strategies to determine 
Ub-modified lysine residues and to analyze the structure of poly- 
ubiquitin chains. Using these MS-based proteomics tools, we have 
found that unconventional polyubiquitin linkages are unexpectedly 
abundant in cells and function in a variety of cellular processes. 


Corneal proteomics: a better understanding 
of molecular mechanisms underlying epithelial 
wound healing 

Nikhat Ahmed Siddiqui 1 ' 2 , S. Mushtaq 1 , S. A. Naqvi 1 , S. Zahid 1 , 

A. A. Siddiqui 3 , and J. Shafqat 4 

'Department of Biochemistry, University of Karachi, Karachi, 
Pakistan 
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Stockholm, Sweden 

Damage and injury of the corneal epithelium are key features of various 
corneal disorders and require constant repair of the epithelium. An 
intact epithelium of the cornea represents a crucial barrier to a variety of 
pathogens causing corneal complications. An impairment of the 
integrity of epithelium is observed in the course of various corneal 
disorders including road accident victims, industrial workers, trauma 
and post operative complications etc. Rapid recovery of epithelium 
following injuries is accomplished by a number of process but the 
mechanism and modulation of such processes are not yet clearly 
understood. 

We have demonstrated here that re-epithelialization is regulated and 
modulated at both transcriptional and translational levels. Healing of 
corneal epithelium is regulated in fact by a complex network of highly 
divergent factors among them a large number of proteins that have been 
identified in epithelium which play an essential role in cell proliferation. 
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migration and cell matrix adhesion. Enhancement of epithelial repair 
mechanism by regulatory/modulatory factors may provide future 
approaches for the treatment of disorders that are characterized by 
injuries or delayed re-epithelialization of corneal surface. 

Glutamate dehydrogenase; structure, evolution, 
regulation, and role in insulin homeostasis 

Thomas J. Smith 

Donald Danforth Plant Science Center, 975 North Warson Road, 
Saint Louis, MO 63132, USA 

Glutamate dehydrogenase (GDH) is found in all living organisms but 
only animal GDH is regulated by a large repertoire of metabolites. 
More than fifty years of research to better understand the mechanism 
and role of this allosteric network has been frustrated by its sheer 
complexity. However, our recent structural and biochemical studies 
have begun to tease out how and why this complex behavior evolved. 
Much of GDH regulation likely occurs by controlling a complex 
ballet of motion necessary for catalytic turnover and evolved con¬ 
comitantly with a long antenna-like feature of the enzyme’s structure. 
Ciliate s, the ‘missing link’ in GDH evolution, might have created the 
antenna to accommodate changing organelle functions and was 
refined in humans to, at least in part, link amino acid catabolism with 
insulin secretion. The link between GDH and insulin homeostasis was 
clearly demonstrated by the finding that the genetic defects in children 
that led to a loss of allosteric inhibition of GDH by GTP results in a 
hyperinsulinism/hyperammonemia disorder where the children are 
particular sensitive to leucine, an activator of GDH. We have con¬ 
tinued these studies by identifying a number of possible therapeutic 
agents, including polyphenols from green tea, that can inhibit even the 
mutated form of the enzyme. 


Synthesis and antiviral activity of some analogues 
of acyclovir with cinnamic acids 

Ivanka Stankova 1 , Kiril Chuchkov 1 , and Stoyan Shishkov 2 

'Department of Chemistry, South-West University “Neofit 
Rilski”, Blagoevgrad, Bulgaria 

2 St. Kl. Ohridski Sofia University, Faculty of Biology, Laboratory 
of Virology, Sofia, Bulgaria 

Following the discovery of the first effective antiviral compound 
(idoxuridine) in 1959, nucleoside analogues, especially acyclovir 
(ACV) for the treatment of herpesvirus infections, have dominated 
antiviral therapy for several decades. However, ACV and similar 
acyclic nucleosides suffer from low aqueous solubility and low bio¬ 
availability following oral administration. Derivatives of acyclic 
nucleosides, typically esters, were developed to overcome this prob¬ 
lem and valaciclovir, the valine ester of ACV, was among the first of a 
new series of compounds that were readily metabolized upon oral 
administration to produce the antiviral nucleoside in vivo, thus 
increasing the bioavailility by several fold. 

Cinnamic acids and their derivatives (esters, amides and glyco¬ 
sides) attract attention in biology and medicine because of their 
antiviral, antioxidant, anti-inflammatoryt, antimutagenic properties. 

We synthesized and explored antiviral activity (HSV-1, HSV-2) of 
some analogues of acyclovir with cinnamic acid- sinapic, p-coumaric, 
ferulic acids. The derivatives of acyclovir were using /V-ethyl-/V-(3- 
dimethylaminopropyl) carbodiimide hydrochloride (EDC) and 4-N,N- 
(dimethylamino)-pyridine (DMAP). 


The chemical stability of some of them was studied at pH 1.0 and 
7.4 and 37°C. An HPLC method was developed for quantification of 
the ester concentration. 

Importance of cis/trans isomerization of prolyl 
peptides for inhibition of Angiotensin converting 
enzyme 

Stoineva Ivanka, Yakimova Boriana, Ivanova Galya, 
and Tchorbanov Bozhidar 

Institute of Organic Chemistry with Centre of Phytochemistry, 
Bulgarian Academy of Sciences, Sofia, Bulgaria 

Several synthetic drugs and peptides are widely available for inhibition 
of angiotensin converting enzyme (ACE) and posses antihypertensive 
effect. The tripeptides Val-Pro-Pro and Ile-Pro-Pro isolated from casein 
are one of the most promising compounds for prevention and treatment 
of hypertension in medicine and as a food additives. 

The aim of the study is to obtain information about the active 
conformation in the recognition process of prolyl peptides as inhibi¬ 
tors of ACE. Both, classical and solid phase methods of peptide 
synthesis have been used for preparing of Val-Pro, Ile-Pro, Val-Pro- 
Pro, Ile-Pro-Pro, Val-Pro-Pro-Pro and Ile-Pro-Pro-Pro. For the syn¬ 
thesis of the target peptides, with free C-terminal group we used 2- 
clortrityl chloride resin and Fmoc strategy. 

The conformation of prolyl peptides has been study by the 
methods of NMRspectroscopy—1H, 13C, COSY, DEPT, and NO- 
ESY. 1H NMR spectra of prolyl di and tri peptides as a function of pH 
(2.5—8.5), temperature (278-303°K) and solvent (D20,DMS0-d-6 
and CD30D) have been recorded at 600 MHz and the equilibrium of 
cis/trans isomers has been determined. Some preliminary theoretical 
results, indicated that trans conformer of prolyl peptides as inhibitor 
of angiotensin converting enzyme is preferred to cis. 


Molecular chaperones in ER-mitochondrial calcium 
signaling 

Tsung-Ping Su and Teruo Hayashi 

Cellular Pathobiology Section, CNRB, IRP, NIDA, NIH, DHHS, 
Baltimore, Maryland, USA 

Ca 2+ signaling between the endoplasmic reticulum (ER) and mitochon¬ 
drion plays a pivotal role in bioenergetics, metabolism, and survival. The 
ER-mitochondrion interface known as the mitochondrion-associated ER 
membrane (MAM) integrates multiple signaling pathways and plays a 
key role in the ER-mitochondrion Ca 2+ signaling by serving as Ca 2+ 
tunnels. Upon the activation of metabotropic receptors which induce an 
increase of IP3, Ca 2+ is released from the ER via IP3 receptors (IP3Rs) at 
the MAM and then uptaken into mitochondria by the uniporter. An 
outstanding question is: IP3Rs are prone to protesomal degradation after 
opening, how does nature deal with this problem? By using CHO cells, 
we found that an ER resident protein called the sigma-1 receptor (Sig- 
1R), which is highly concentrated at the MAM, regulates the stability of 
IP3Rs by acting as a ligand-regulated receptor chaperone. Normally, the 
Sig-IR forms a dimeric complex with another ER chaperone BiP. 
However, by sensing the drop of ER lumenal Ca 2+ or by the agonist- 
induced activation, the Sig-IR dissociates from Bip and begins to 
chaperone and stabilize IP3Rs. In Sig-lR-knockdown cells, IP3Rs are 
highly ubiquitinated and degrade rapidly. The Ca 2+ signaling from the ER 
into mitochondria is attenuated in Sig-lR-knockdown cells. In addition, 
we found that, upon prolonged ER stress that causes apoptosis, Sig-IRs 
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dissociate from BiP and translocate from the MAM into the entire ER 
reticular network to attenuate apoptosis. Results suggest that the ER is a 
signaling organelle regulating bioenergetics and survival via Sig-IR 
chaperones at the MAM. 

Acknowledgments: Supported by the Intramural Research Program/ 
NIDA/NIH/DHHS 

Enzyme-mediated site-specific labelling of proteins 
with a new multipurpose biotin tag 

Yong-Qing Yang and Neil R. Thomas 

Centre for Biomolecular Sciences, School of Chemistry, 

University of Nottingham, University Park, Nottingham, UK 

Methods for labelling specific proteins using ‘bio-orthogonal’ chem¬ 
istry have been a significant focus for research in recent years. 
Introduction of a chemical handle that can be selectively modified to 
incorporate a luminescent tag, crosslinking agent or to allow selective 
immobilization of a protein is of considerable use in the study of pro¬ 
tein-protein interactions and protein trafficking within cells. A number 
of methods of introducing suitable chemical functionality in proteins 
are described in the literature including the use of un-natural amino acid 
mutagenesis; the feeding of azido-functionalized sugar precursors; and 
the use of biotin ligase to biotinylate lysine residues in specific 13-15 
amino acid peptide sequences. The last of these methods has the 
advantage that it is practically simple to achieve using commercially 
available materials. 

We have designed and prepared several new ‘azido-biotin’ com¬ 
pounds based on vitamin H. The ligation efficiency of the new biotin 
analogues to the ‘Avitag’ peptide sequence with BirA, the biotin ligase 
from E. coli has been determined along with the binding affinity of the 
new biotin analogues with avidin using ITC (Isothermal Titration 
Calorimetry). These compounds have moderate to strong binding 
affinity for avidin. The biotin analogues can therefore be used to 
reversibly immobilize the target proteins to avidin columns and 
released on addition of biotin. Alternatively, they can be irreversibly 
covalently modified via ‘click’ or Staudinger-Bertozzi chemistry to 
introduce fluorescent tags, crosslinking agents or immobilized cova¬ 
lently on to synthetic supports. 

We gratefully acknowledge Marie Curie Incoming Interna¬ 
tional Fellowship (SPLOCAB—No. 040351) for financial support (Y.- 
Q. Y.). 

Protein profiling of childhood acute myeloid 
leukemia 

M. Braoudaki 1 , Ch. Papathanassiou 2 , K. Karamolegou 2 , 

A. K. Anagnostopoulos 2 , K. Vougas 3 , 

F. Tzortzatou-Stathopoulou 1,2 and G. Th Tsangaris 3 

'University Research Institute for the Study and Treatment of 
Childhood and Malignant Diseases, University of Athens, “Aghia 
Sophia” Children’s Hospital, Athens, Greece 
2 Hematology/Oncology Unit, First Department of Pediatrics, 
University of Athens, “Aghia Sophia” Children’s Hospital, 

Athens, Greece 

3 Proteomics Research Unit, Division of Biotechnology, 

Center of Basic research II, Biomedical Research Foundation 
of the Academy of Athens, Athens, Greece 

Childhood acute myeloid leukemia (AML) is a frequent hematological 
malignancy with a high degree of heterogeneity in response to therapy. 
Given its diverse nature and its inherent variability in individual protein 
levels, it seems likely that the best approach to screen for AML is 


determine the protein profile using proteomics. We studied two cases of 
childhood AML to identify proteins, whose function could regulate the 
treatment outcome of the disease. By these, one was myelodysplastic 
syndrome (MDS) before AML diagnosis and the other AML. Six bone 
marrow plasma (BM) and six peripheral blood plasma (PB) samples 
were obtained before diagnosis, at diagnosis of AML and three months 
following initiation of treatment. As controls, two plasma samples from 
BM and two from PB from non-leukemic pediatric patients were 
studied. Differential proteomic analysis was performed by two- 
dimensional gel electrophoresis followed by protein identification by 
MALDI-TOF mass spectrometry. Comparison of plasma samples from 
BM and PB of the AML pediatric patients with the controls revealed that 
forty one proteins were found differentially expressed between the BM 
samples as compared to the control, whilst 26 were found differentially 
expressed between the PB samples as compared to the control. Func¬ 
tional analysis showed that the majority of the detected proteins 
involved metabolic enzymes, structural proteins, signal transduction 
mediators and immunoglobulins. Proteome analysis of plasma offered a 
useful approach for profiling pediatric patients with AML and provided 
significant insight into the presence and/or absence of several proteins 
that could serve as useful biomarkers for childhood AML. 

Interactions between large and small subunits 
of different acetohydroxyacid synthase isozymes 
of E. coli 

M. Vyazmensky, Y. Zherdev, A. Slutzker, I. Belenky, 

O. Kryukov, Z. Barak, and D. M. Chipman 

Ben-Gurion University of the Negev, Beer Sheva, Israel 

Acetohydroxyacid synthases (AHASs) are thiamine diphosphate- 
dependent enzymes, catalyzing the first common step in the biosyn¬ 
thesis of valine, isoleucine and leucine. The three AHAS isozymes in 
enterobacteria, encoded by genes ilvBN, ilvGM and ilvIH (AHAS I, II 
and III, respectively), differ in kinetic properties and valine response. 
AHAS isozymes are composed of two kinds of subunits. The large 
catalytic subunits (LSU—ilvB, ilvG and ilvl), with molecular weights 
of 60-62 kD, have only 0.05-15% of the activity of the corresponding 
holoenzymes. The small regulatory subunits (SSU—ilvN, ilvM and 
ilvH), with molecular weights 9-17 kD, each associate with the cor¬ 
responding large subunit and confer full catalytic activity and valine 
sensitivity to the holoenzyme (AHAS I and III). 

Is any effective nonspecific interaction possible between LSUs and 
SSUs of different isozymes? To answer this question we have now 
examined the effects of each of the isolated SSUs on all of the isolated 
LSUs and found that the AHAS II SSU ilvM is able to activate the LSUs 
of all three of the isozymes, and the truncated AHAS III SSUs ilvH-A86 
and ilvH-A89 are able to activate the LSUs of both AHAS I and AHAS 
III. However, none of the heterologously-activated hybrid enzymes 
have any feedback sensitivity. 

HpaXm from Xanthomonas smithii pv. smithii 
is a novel harpin protein with signal peptide 

Weiguo Miao and Jinsheng Wang 

Department of Plant Pathology, Nanjing Agricultural University, 
Nanjing 210095, China, weiguomiaoll05@yahoo.com.cn 

A novel harpin-like protein, hpaXm, was described from the cotton leaf 
blight bacteria, Xanthomonas. smithii subsp. smithii (Xs,s,a synonym of 
Xanthomonas campestris pv. malvacearum Xcm ). Like harpins from 
other plant bacteria, the HpaXm encoded by a hrp gene was a glycine- 
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rich, cysteine lacking, heat-stable protein with the activity to induce 
hypersensitive reaction accompanied by enhanced expression of defense- 
related genes on tobacco leaves. The hpaXm was localized in between 
hrp2 and hrcC by TAIL PCR technology. The hrcC from Xss shared 93% 
identity with that from X.oryzae.pv. oryzae (Xoo) and hpa2 from Xss 
shared 89% identity with that from Xoo by DNA alignments. Two a-helix 
domains were present respectively at N- and C-terminal regions of 
hpaXm. Phylogenetic analysis with complete amino acids and 13 highly 
conserved amino acids H 2 N-SEKQLDQLLTQLI-COOH in N-terminal 
a-helix regain indicated that hpaXm had an evolutionary relationship 
closer with hpaGXag and hpaXac than with hpalXoo and hpalXoc. A 
signal peptide was predicted at the 15 leading amino acids in the N- 
terminus and GST trap test suggested that the signal peptide may function 
to release hpaXm in the extracellular medium and the Typell secretion 
system as sec-dependent pathway may associate to hpaXm secretion. 

A study on metamorphosis of a marine invertebrate, 
the hryozoan Bugula neritina, by 2DE based 
proteomics approach 

Tim Y. H. Wong 1 , Kondethimma H. Chandramouli 1 , 
and Pei-Yuan Qian 1 

1 Atmostpheric, Marine and Coastal Environment (AMCE) 
program/Coastal Marine Laboratory, The Hong Kong University 
of Science and Technology, Kowloon, Hong Kong SAR, China 

Metamorphosis in benthic marine invertebrates involves permanent 
attachment of the larva to the substratum and the initial reorganization 
of the larval tissue followed by morphogenesis of adult tissue. Although 
many studies have documented ultrastructure changes, little is known 
about the molecular mechanisms involved in metamorphosis of marine 
invertebrates. The bryozoan Bugula neritina is a good model to study 
metamorphosis in marine invertebrates because initial reorganization of 
the larval tissue is both dramatic and quick, with total reorganization 
within 10 min, followed by further morphogenesis. We used 2DE- 
based comparative proteomic approach to study whether larvae are 
heavily engaged in protein synthesis during the early phase of meta¬ 
morphosis. Surprisingly, the total proteome does not alter significantly. 
In more than 900 spots detected, only 20 and 23 spots are specific to 
swimming larval and early metamorphic stages, respectively. We then 
shifted our focus to protein phosphoylation, which is important for cell 
differentiation, cell migration and cell proliferation. Major shifts in 
phosphoproteome were observed, with more than 100 proteins specif¬ 
ically phosphoylated in early metamorphic larvae. The result suggested 
that post-translation modification may play a major role in larval tissue 
reorganization and morphogenesis during the early phase of 
metamorphosis. 

2D gel based multiplexed proteomics approach 
to understand antifoulant’s effects on the fouling 
barnacle cyprids (Balanus amphitrite) 

Yu Zhang 1 , Ying Xu 1 , Vengatesen Thiyagarajan 2 , 
and Pei-Yuan Qian 1 

'Department of Biology/Coastal Marine Laboratory, 

The Hong Kong University of Science and Technology, 

Kowloon, Hong Kong SAR, China 

2 Swire Institute of Marine Science/School of Biological Sciences, 

The University of Hong Kong, Hong Kong SAR, China 

Macrofouling by the barnacle Balanus amphitrite and other benthic 
invertebrates causes severe economical impacts, leading to the growth 


of a biotechnology field focused on development of safe, exclusive, and 
effective antifouling agents. A variety of antifouling compounds have 
been shown to effectively inhibit barnacle larval settlement, but the 
molecular mechanisms behind their biological activity remains unclear. 
Recently, proteomics technology has enabled us to determine protein 
expression level alternation in response to treatment with antifouling 
compounds. As a further extension of this work, we employ a new 2-DE 
multiplexed proteomics technology (combination of Pro-Q Diamond 
with SYPRO Ruby dye) to elucidate the protein expression and phos¬ 
phorylation changes that occur in when the organisms is treated with a 
settlement-inhibitive chemical cue. Both the protein and phosphopro- 
tein profiles change between the antifoulant treatment and control 
groups. The 0 h and 24 h control barnacle larvae expressed about 303 
and 357 phosphorylated proteins respectively, whereas only about 217 
phosphoproteins were detected in larvae challenged with antifouling 
compounds. In addition, the ratio between phosphoproteins and total 
proteins changed in a similar trend. Overall, our results suggest that the 
level protein phosphorylation plays a crucial role during larval settle¬ 
ment and that the antifoulants tested inhibit larval settlement by 
alternating phosphorylation status that rather than affecting protein 
synthesis. We hope understanding the proteomic changes induced by 
antifouling agents will aid in the development of more effective and 
exclusive antifouling agents in the future. 

Study of the importance of [ProB28] on the self 
association of insulin. Semisynthesis of des [ProB28] 
insulin 

M. A. Zewail 

National Research Centre, Dokki, Cairo, Egypt 

In the past few years, many attempts have been made to prepare a 
synthetic insulin. The biological activity of insulin is known to be 
closely related to the C-terminal octapeptide fragment of its B-chain. 
This does not necessarily mean, however, that each of the amino acid 
residues of the octapeptide fragment is essential for its activity. 

It would therefore seem desirable to study the importance of 
[Pro 28 ] residue B-chain on biological activity and self association of 
insulin des [Pro B 28 ]. The present work describes the preparation of 
the protected octapiptide derivative (23-30) B-chain human insulin 
des [Pro 2g ], by the solid phase peptide synthesis. 

Gly —phe —phe —tyr —thr —lys —thr 

23 24 25 26 27 29 30 

Splitting same octapoptide B 23 _ 30 from natural insulin by using 
trypsin giving insulin des octapeptide (DOI), by recupling of (DOI) to 
the synthetic octapiptide B 23 _ 30 des Pro 2S , by using trypsin in acidic 
medium giving [Insulin des (Pro B 28 )], which under investigation for 
self association and biological activity. 

2D gel based multiplexed proteomics analysis 
of differentially regulated protein during larval 
development and settlement in the polycheate 
Hydroides elegans 

Yu Zhang 1 , Vengatesen Thiyagarajan 2 , and Pei-Yuan Qian 1 

'Department of Biology/Coastal Marine Laboratory, 

The Hong Kong University of Science and Technology, 

Kowloon, Hong Kong SAR, China 

2 Swire Institute of Marine Science/School of Biological Sciences, 

The University of Hong Kong, Hong Kong SAR, China 
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Larval settlement of biofouling organisms (benthic invertebrates that 
live on submerged man-made surfaces) is a focus of both ecological 
studies on colonization processes and applied studies on antifouling 
control. Larval settlement is a dynamic process that includes both 
behavioral and metamorphic changes that require tissue remodeling and 
differentiation in addition to a variety of biochemical and physiological 
alterations mediated by differential expression of genes and proteins. 
Although post translation modifications (PTM) such as protein phos¬ 
phorylation, are crucial for variety of rapid cellular responses such as 
signal transduction and signal cascades, little is known of differential 
protein expression and PTM during larval settlement. In this study, 2- 
DE multiplexed proteomics technology (combination of Pro-Q Dia¬ 
mond with SYPRO Ruby dye) was used to monitor the changes in 
protein expression and phosphorylation during larval development and 
settlement in the common biofouling polychaete Hydroides elegans. 
The profiles of larvae before and after they are competent to settle were 
similar in terms of major proteins but the number of phosphorylated 
protein spots increased from 110 to 225. Both the protein and phos- 
phoprotein profiles of adults were distinctly different from that of other 
life stages, with only 96 phosphorylated protein spots in adult stage. In 
addition, the ration between phosphoproteins and total proteins changed 
in a similar trend, indicating that the level protein phosphorylation 
might play a crucial role at the initiation of larval settlement. To our 
knowledge, this is the first study demonstrating that quantitative 
changes in the phosphorylation state of proteins involved in larval 
settlement. 

Hippocampal protein levels related to spatial 
memory are different in the Barnes maze 
and in the multiple T-maze 

Junfang Zheng 1 , Sudarshan S. Patil 1 , Wei-Qiang Chen 1 , Wei An 2 , 
and Junqi He 2 , and Gert Lubec 1 

'Department of Pediatrics, Medical University of Vienna, Vienna, 
Austria 

department of Biochemistry and Molecular Biology, Capital 
Medical University, Beijing, China 

The multiple T-maze (MTM) and the Barnes maze (BM) are landmazes 
used for the evaluation of spatial memory. The observation that mice are 
performing differently in individual mazes made us test the hypothesis 
that differences in cognitive performance in the two landmazes would 
be accompanied by differences in hippocampal protein levels. C57BL/ 
6J mice were tested in the BM and in the MTM, hippocampi were 
extirpated 6 h following the probe trials each and proteins were 
extracted for gel-based proteomic analysis. Mice learned the task in 
both paradigms. When hippocampal protein levels were compared 
between mazes, proteins from several pathways, including signalling, 
chaperone, metabolic and other cascades, significant differences were 
observed between protein levels in the two spatial memory tasks. The 
use of yoked controls revealed that the proteins were linked to spatial 
memory. It is intriguing to observe that hippocampal protein levels in 
the mouse tested for spatial memory are task dependent. 


Proteomics and parasite-host interactions 

Xing-wang Zhou 

Sun Yat-sen University Zhongshan School of Medicine, 

Guangzhou, People’s Republic of China 

With the great progress of genomic sequencing projects during last 
few years, large datasets of genomic information for several parasites 


are now available. These genomic databases give investigators the 
extraordinary ability to analyze parasite proteins and parasite-host 
interactions by proteomic method, which is a powerful new approach 
that developed by the advances in protein separation/large-scale 
protein expression, mass spectrometry, protein microarray and com¬ 
puter-based search algorithms. 

Food-bom parasites including Toxoplasma gondii, Cryptospori¬ 
dium parvum, Clonorchis sinensis, Angiostrongylus cantontensis 
cause substantial or subclinical diseases in human. These food-bom 
parasites all discharge secretory proteins to mediate parasite-host 
interactions and pathogenic infections. Thus, a better understanding 
of these parasite-host interactions could lead to the development of 
novel preventions/treatments for parasite diseases. However, to date 
the detailed information and molecular mechanism of parasite-host 
interactions remain poorly understood. Aiming at these problems, and 
trying to identify novel target-proteins for the prevention/treatment of 
parasite diseases, we carry out a government-funded project (Chinese 
National key Basic Research Project, 973) of investigating the para¬ 
site-host interactions medicated by the secretory proteins from food- 
bom parasites of Toxoplasma gondii, Cryptosporidium parvum, 
Clonorchis sinensis, Angiostrongylus cantontensis through cutting- 
edge proteomic technologies. 


Solid state isotope exchange hydrogen for deuterium 
and tritium in peptides and proteins 

Yurii A. Zolotarev 1 , Alexander K. Dadayan 1 , Valerii S. Kozik 1 , 
Boris V. Vaskovsky 2 , and Nikolai F. Myasoedov 1 

'institute of Molecular Genetics, Russian Academy of Sciences, 
Kurchatov sq. 2, 123182, Moscow, Russia 
2 Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry, 

Russian Academy of Sciences, Moscow, Russia 

The investigation of the high temperature solid-state catalytic iso¬ 
topic exchange reaction (HSCIE) under the action of spillover 
hydrogen is presented. This isotopic exchange in peptides and 
proteins can to be conducted without racemization. The HSCIE 
reaction is used both for the production of highly tritium labeled 
proteins (hemoglobin, insulin, interferon) and for studying the 
three-dimensional interaction of their subunits. The HSCIE reaction 
allows the areas of contact to be revealed in protein complexes. 
HSCIE was used to produce evenly tritium labeled biologically 
active peptides of 50-150 Ci/mmol molar radioactivities. Tritium 
label distribution over all amino acids in these peptides allows 
practically all the possible products of their fermentative hydrolysis 
to be simultaneously determined. The suggested method based on 
the employment of evenly labeled peptides makes it possible both 
to count the concentration of peptides in tissues in vivo and in 
vitro and to evaluate the activity of the enzymes participating in 
their degradation. Data on the pharmacokinetics of neuroactive 
peptides in brain tissues for different in vivo introduction modes 
are discussed. Evenly tritium labeled peptides are used in radioli¬ 
gand analysis. They are used in screening conducted for the search 
of the most perspective medicinal drugs of peptide nature. The 
HSCIE reaction is used for the production of a wide variety of 
tritium labeled selective ligands for glutamine, serotonine, nicotine 
and dophamine receptors. The preparations have high specific 
radioactivity and retain completely their physiological activity. 
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Characterisation of an aldo-keto-reductase that 
forms the subunit of the shaker potassium channel 

K. Alka, Gary T. M. Henehan, and J. Oliver Dolly 

School of Food Science and Environmental Health, Faculty 
of Tourism and Food, Dublin Institute of Technology (DIT), 
Marlborough Street, Dublin 1, Ireland 

The shaker potassium channels are involved in various cellular 
signalling processes and have been implicated in disease states. 
The beta-subunit of the shaker potassium channel (Kv/12) shows a 
high level of sequence homology with the aldo-keto reductase 
group of proteins. Recent studies have shown this protein to be 
catalytically active in aldehyde reduction and that channel function 
is modulated when Kv/12-bound NADPH is oxidized. The present 
study has explored the substrate specificity of this subunit using a 
fluorimetric assay. It was found to possess broad specificity for the 
reduction of aromatic aldehyde substrates such as 2, 3 and 4-ni- 
trobenzaldehydes, 4-cyanobenzaldehyde, 4-hydroxybenzaldehyde, 
pyridine 2 aldehyde and benzaldehyde. The presence of an electron 
withdrawing group at the position para to the aldehyde in aromatic 
compounds facilitated reduction. Aliphatic aldehydes were found to 
he poor substrates compared to the aromatic ones with 2-methyl- 
butyraldehyde being the best. No clear evidence of an ability to 
dismutate aldehydes was found. The formation of reduced product 
(4-nitrobenzyl alcohol) by Kv/j2 was shown using 4-nitrobenzal- 
dehyde as substrate. The activity of the enzyme was not inhibited 
by sodium valproate at a concentration of 250 pM. 


Label-free quantitation with 2DB 

Jens Allmer 

Molecular Biology and Genetics, Izmir Institute of Technology, 
Gulbahce Campus, Urla, Izmir, Turkey 

Proteomics aims to elucidate the complement to a genome including 
spatial, temporal, and other protein expression patterns. In this con¬ 
text, the differential expression of proteins under different 
physiological conditions, presents key information. Today, protein 
expression is generally investigated using mass spectrometry. Dif¬ 
ferential protein expression is investigated using either a differential 
labelling approach such as stable isotope labelling or a label-free set¬ 
up such as spectral counts. 

2DB is a database to store, analyze, and present data from mass 
spectrometric experiments. Spectral counting has been part of 2DB 
but more targeted analysis can now be performed with a new quan¬ 
tification tool presented here. General information about protein 
expression profiles within an experiment can be investigated in order 
to determine proteolytic processing and proteotypic peptides among 
other possibilities. Differential protein expression can be investigated 
using a new label-free approach amending spectral counting with 
abundance information in form of the summed total ion current. 
Furthermore, fractions in different experiments can be freely com¬ 
bined for analysis. The number of experiments is also not limited 
which allows for time series experiments. The software, depending on 
an installation of 2DB, is now part of the installation and as such 
freely available. 


Establishment of platform for Cbl-b screening 

Chih-Long Chen 1 , Chia-Rui Shen 2 , and Chao-Lin Liu 2, 3 

'Graduate School of Engineering, Mingchi University 
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Systemic lupus erythematosus (SLE) is one of systemic autoimmune 
diseases. The aetiopathogenesis is unclear. The syndrome is influ¬ 
enced by genetic factors, sex hormones and environmental factors. 
There are several biochemical abnormalities in SLE patients. The 
gene transcription program is trigger an altered in T cells isolated 
from patients. That results in favoring functions of activation and 
effector. 

C-Cbl, Cbl-b and Cbl-3 (Cbl-c) distributed in mammalian are 
casitas B-lineage lymphoma (Cbl) protein family. There is highly 
conserve in N terminal regions, including tyrosine kinase binding 
domain, linker and ring finger. Additionally, Cbl-b could be an E3 
ligase and plays a negative regulatory role of T cell activation by 
controling the threshold. On SLE patients, the c2672 g mutation 
of cbl-b RNA was found and truncated cbl-b RNA was predicted. 
In the report, the exon/intron junction of cbl-b will be examined 
and the RACE will be performed for identifying the RNA 
truncation. 


How to assemble a protein tag for purification, 
crystallisation and phasing 

Christian GroBe 

Department of Structural Chemistry, Georg-August-Universitat 
Gottingen, Gottingen, Germany, cgrosse@shelx.uni-ac.gwdg.de 

During the last decade, several affinity protein tags consisting of short 
peptides or whole domains have been developed, which are included 
as an additive protein sequence on the C- or/and N-terminus. Their 
highly specific strong affinity affords a one-step purification with 
minimal effect on biological activity. On the other hand, protein tags 
are often disordered in the crystal structure and complicate protein 
crystallisation. 

Experimental phasing of macromolecules by anomalous disper¬ 
sion requires well ordered atoms in the crystal lattice. A preorganized 
protein tag with metal chelating properties can bind anomalous 
scatterers in a determinate way and enhance SAD and MAD data 
quality using synchrotron radiation. As a welcome side-effect such 
protein tags could adopt stable conformation in crystals and help the 
crystallization process. Therefore, the tags have to be ordered in the 
crystal structure. 

Here we report polypeptides synthesized by solid phase peptide 
synthesis which may prove useful for both metal affinity chroma¬ 
tography and macromolecular phasing as well. A distinct secondary 
structure in terms of a-helices and /1-hairpins could he confirmed by 
circular dichroism spectroscopy. Their chelating properties could be 
proved by Ni, Zn and Cu affinity columns. 
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For future investigation we plan to use proteins fused with our 
polypeptides to check IMAC behavior under real conditions, to val¬ 
idate crystal growth promotion and to get SAD and MAD data. 

Analysis of hCG/Jcf glycosylation in normal 
and aberrant pregnancy by matrix-assisted laser 
desorption/ionization time-of-flight mass 
spectrometry 

Sotiris Malatos 1 , Mohammed Jameel Luttoo 1 , Drupad Trivedi 1 , 
Stephen Butler 1 , Larry Cole 2 , and Ray K. lies 1 

'Biomedical Sciences, Middlesex University, Hendon, UK 
department of Obstetrics and Gynaecology, University of New 
Mexico School of Medicine, Albuquerque, NM, USA 

Background: Metabolism of human chorionic gonadotropin (hCG) 
results in the urinary excretion of hCG /}-core fragment (hCG/icf). 
hCG/icf retains many antigenic structures from the original fi- 
subunit of hCG (hCG/i) as well as two metabolically processed N- 
linked oligosaccharides. Hyperglycosylation of hCG/i has been 
associated with aberrant pregnancy, especially malignant disease. 
Methods: We have previously characterized the carbohydrate content 
of hCG/Jcf from pooled pregnancy urine using matrix-assisted laser 
desorption/ionization time-of-flight mass spectrometry (MALDI TOF 
MS). Here, a similar methodology was used to compare the carbo¬ 
hydrate content of hCG/icf isolated from individuals with different 
pregnancy conditions: urinary hCG/Jcf from molar, hyperemesis 
gravidarum, and normal pregnancy was isolated by ion exchange 
chromatography, reduced with dithiothreitol, and subjected to 
MALDI TOF MS. 

Results: Reduction of the disulfide linkages of hCG/icf resulted in 
the separation of the non-glycosylated [155-92 chain from the 
glycosylated /J6-40 chain. The mass spectra revealed a set of 
resolved mass structures between 4156.8 and 5840.6 Da. The peak 
at 4156.8 Da corresponded to the non-glycosylated peptide of 
hCG/lcf, [155-92, while the remaining structures represented the 
multiple glycosylated forms of the peptide [16-40. Prediction of 
glycoform structures was achieved by subtraction of the corre¬ 
sponding mass of the primary amino sequence of /J6-40 from the 
observed m/z values corresponding to the glycosylated isoforms. 
Each sample contained 8-11 glycosylated forms of the [16-40 
peptide. 

Conclusions: All samples contained common and unique 
glycostructures. However, hCG/Jcf glycoforms possessing trianten- 
nary oligosaccharides were more abundant in aberrant pregnancy 
samples, reaching 16.5% in aberrant versus 1.6% in normal 
pregnancy. 

Long-lived protein chloramines: transhalogenation 
reactions 

S. Olszowski, E. Olszowska, and I. Wieteska 

Chair of Medical Chemistry, Collegium Medicum, Jagiellonian 
University, Krakow, Poland 

In activated neutrophils, myeloperoxidase catalyzes the reaction of 
H 2 0 2 with Cl to produce hypochlorous acid (HOC1)—the bacteria 
killing agent. Reactive HOC1 reacts reversible with the protein free 
lysine moieties to give /V-monochloro- and dichloramines. IV-chlo- 
ramine formation could be reversed by reaction with thiols 
(cysteine, glutathione) and sulfides (methionine). In this process 


chloramines is reduced back to amine moieties. Chlorination 
however, promotes dose dependent covalent or non-covalent 
aggregation of proteins. The modified monochlorodimedone (MCD) 
method was applied in order to estimate the concentration of BSA 
mono- and dichloramines and to monitor the transhalogenation 
reaction from BSA chloramines to taurine, NH4 + and to cyto¬ 
chrome C. It was established (MCD method) that BSA 
monochloramines are the main products of BSA chlorination 
(pH = 5.4 and 7.4, 0.1-0.6 mM HOC1) and that the chlorination 
provide the mixture of monomeric BSA chloramines 
(R h = 3.8 nm) and higher molecular aggregates (R H = 6-9 nm) as 
was shown with use of the dynamic laser light scattering method 
(DLS). It was also shown that methionine does not dissociate BSA 
aggregates whereas reduced glutathione facilitates the dissociation 
process (DLS). 

Our results confirm that protein chloramines are relatively stable 
(hours) and proved that chlorine atoms from A'-chloramine BSA 
moieties are efficiently transferred to the low molecular amines 
(taurine) or ammonium salts with concomitant taurine and ammonium 
chloramines formation (10-20%). Also the ammonium chloramines 
(NH 2 C1) formation was detected/monitored with indophenol method. 
Results suggest that in phagocyte vacuole (pH = 5.3) the efficient 
transhalogenations reactions could produce toxic cell-penetrating 
low-molecular chloramines. 


Identifying substrate specificity of a protein 
methyltransferase using a reverse chemical-genetics 
approach 

Ouannassa Rached 1 ' 2 , Andrew Townsend 1 , Leang Khim 2 , 

Stefanie Roth 1 , Eleni Stylianou 2 , and Neil R. Thomas 1 

'Centre for Biomolecular Sciences, School of Chemistry 
2 School of Biomedical Sciences University of Nottingham, 
Nottingham, UK 

Methylation is a key post-translational modification of lysine and 
arginine residues in histone amino termini that regulates the organi¬ 
zation of chromatin structure and gene activity in a wide variety of 
diseases. The aim of our project is to use a reverse chemical-genetics 
approach in order to identify the substrate specificity of histone 
methyltransferases through synthesis of enlarged analogues of the 
cofactor S-adenosyl-L-methionine (SAM) designed to fit comple¬ 
mentary modified forms of protein methylases. The main focus of our 
research has been SET7/9, a lysine mono-methyltransferase which 
catalyzes the transfer of a methyl group to the unmodified histone H3- 
K4 lysine residue as well as residues in the transcription factor p53 
and TAF10. 

Site-directed mutagenesis has carried out to introduce mutations 
in SET7/9 that accommodate the enlarged analogues of SAM 
specifically. Full-length, HIS-tagged wildtype and mutant SET7/9 
were expressed in E. coli and purified to optimised yields. Their 
catalytic activity was compared qualitatively or quantitatively using 
a fluorescent methyltransferase assay. Data on the binding affinity 
of natural SAM and a synthetic H3 peptide to wildtype and mutant 
forms of SET7/9 will be presented. A series of 5’- aziridino ade¬ 
nosines, analogues of SAM have been chemically synthesised as 
precursors which spontaneously convert to the active compound in 
situ. The effect of the analogues on the catalytic activity of 
wildtype SET7/9 has been assayed in-vitro using quantitative 
fluorescent assays and the interaction between the analogues and 
the H3 peptide substrate has been analysed by MALDI mass 
spectrometry. 
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Helical structures of (V-alkylated 
poly(/7-benzamide)s 

N. Kobayashi 1 , A. Tanatani 2 , A. Yokoyama 3 , Y. Takakura 3 , 

C. Mitsui 3 , M. Uchiyama 4 , A. Muranaka 1 ’ 4 , and T. Yokozawa 3 

'Department of Chemistry, Tohoku University, Sendai, Japan 
department of Chemistry, Ochanomizu University, Bunkyo-ku, 
Tokyo, Japan 

3 Department of Applied Chemistry, Kanagawa University, 
Kanagawa-ku, Yokohama, Japan 4 The Institute of Physical 
and Chemical Research, RIKEN, Wako-shi, Saitama, Japan 

Poly(p-benzamide)s 1 hearing an JV-(S)-2-(methoxyethoxyeth- 
oxy)propyl group as a chiral side chain were synthesized by chain- 
growth polycondensation methodology. The polyamides exhibited 
well-defined molecular weights with narrow polydispersities. In the 
solid states, the results of X-ray crystallographic analysis of 4- 
(methylamino)benzoic acid oligomers substantiated that they have a 
helical conformation with three monomer units per turn. Solutions of 
the polyamides in several organic solvents (CH 3 CN, CHCI3, and 
CH3OH) showed dispersion type CD signals characteristic of cou¬ 
pled-oscillator and much larger as compared with the corresponding 
monomer. The CD signals (plus at around 300 nm and minus at ca. 
260 nm) were dependent on the temperature and molecular weight of 
the polyamides but independent of the solvent, as far as examined; 
signals were more intense the larger the molecular weight and weaker 
the higher the temperature. An exciton model analysis of the 
absorption and CD spectra provided a clear-cut picture for the sec¬ 
ondary structure of these polyamides in solution that the Y-alkylatcd 
poly(p-benzamide)s possess a right-handed helical conformation ((F)- 
helix) with three residues per turn. 

The new method for diastereoselective synthesis 
of pyrazolidines with N- and C-amino acids 
substitutents 

L. A. Sviridova 1 , A. N. Tavtorkin 2 , and K. A. Kochetkov 2 

'Chemical Faculty, M. V. Lomonosov State Moscow University, 
Moscow 

2 A. N. Nesmeyanov Institute of Oganoelement Compounds, 

Russian Academy of Sciences, Moscow, const@ineos.ac.ru 

Pyrazolidine derivatives with an amino acid substituent at the ring 
nitrogen atom are very promising as fibrinogen receptors antagonists 
but the method for their synthesis from amino acid hydrazides is 
extremely limited. 

We have found that Y-phenyl-Y-amino acid’s pyrazolidines 1 may 
be obtained from 1 /V-acetyl-5-(2-hydroxy-2-arylethyl)-3-methyl-2 N- 
phenylpyrazolidines 2a,b or regioisomeric 1 A f -acetyl-3-(2-hydroxy- 
2-arylethyl)-5-methyl-2 Y-phenylpyra/.olidincs 3a,b, which are 
readily available from racemic regioisomeric 1 Y-acetyl-3-(2-oxo-2- 
arylethyl)-5-methyl-2 Y-pheny I pyrazolidines 4a and 1 Y-acetyl-5-(2- 
oxo-2-arylethyl)-3-methyl-2 Y-pheny I pyrazolidines methylpyrazolid- 
inketones 4b. Really, the conditions of diastereoselective reduction of 
the methylpyrazolidinketones 4 are founded. The reduction of the 
ketones 4 by sodium borohydride on the surface of an adsorbent 
[AI2O3] leads to the advantage of the one type of traru-diastereomers 
of hydroxy-phenylpyrazolidines 2a, 3a. Alternatively the reduction of 
the ketones 4 by lithium hydride-tri-tert-butoxyaluminate in solution 


leads to the advantage of another one—diastereomers 2b, 3b. The 
action of lithium aluminum hydride under mild conditions was used 
to remove the Y-acetyl protective group and free Y-pheny Ipyrazoli- 
dines 5 were prepared. The resultant pyrazolidines 5 converts to give 
stable Y-pheny I isothiocarbamoy I pyrazolidines derivatives in high 
yield. 

We were able also to carry out the reaction of unstable free Y- 
phenylpyrazolidines 4 with Y-Cbz-a.a. [Gly, (S)-Ala, (S)-Phe, (5)- 
Try)] under mild conditions only by using the Mukaiyama method, 
which permits the preparation of a set of different amino acids 
derivatives 1 (f. ex. l-((S)-Y-Benzyloxycarbonylalanyl)-5-(2- 

hydroxy-2-phenylethyl)-3-methyl-2-phenylpyrazolidine for (.S’)-Ala). 
All other reported methods for the acylation of amino acids did not 
give positive results. 

From other side diastereomerically pure C-amino acid’s pyraz¬ 
olidines 6 after direct reductive amination of pyrazolidine 
alkylketones 1 with free amino acids were prepared [(US', 25,35,55')-!- 
acetyl-3-(2-(l'-benzylcarboxymethylamino)-propyl)-5-methyl-2-phe- 
nylpyrazolidine for (S)-Phe]. An X-ray crystallographic analysis was 
carried out for some of compounds and theirs absolute configurations 
were determined. All new compounds are potentially physiologically 
active. 

The work was carried out with the financial support of the Branch 
of Chemistry and Material Science of the Russian Academy of Sci¬ 
ences (program No. 10, project “Directed Synthesis of Chiral 
Biogenic Amines Containing an Azolidine Ring”). 


Synthesis of the new bicyclic Pro-Glu chimeras 
by consecutive ester enolate alkylation 

Volodymyr S. Kubyshkin 1,3 , Pavel K. Mykhailiuk 1 - 3 , 

Igor V. Komarov 1 , and Anne S. Ulrich 2,3 

'Kyiv National Taras Shevchenko University, Kyiv, Ukraine, 
kyblo 14 @rambler.ru 

institute of Biological Interfaces, Forschungszentrum Karlsruhe, 
Karlsruhe, Germany 

institute of Organic Chemistry, University of Karlsruhe, 

Karlsruhe, Germany 

New method for the synthesis of the conformationally restricted 
Pro-Glu chimeras has been developed. The target compounds 
possessing 7-azabicyclo[2.2.1]heptane and 8-azabicyclo[3.2.1]octane 
skeletons have been synthesized using a strategy of the consecutive 
stepwise bis-alkylation of the correspondingly protected pyrrolidine- 
2,5-dicarboxylate. While l-bromo-2-chloroethane and 3-chloro-2- 
(chloromethyl)prop-l-ene were found to be useful to form the 
target cyclic compounds, 1,3-diiodopropane, l-bromo-3-chloropro- 
pane as well as diiodomethane and bromochloromethane failed to 
give the corresponding bicyclic products. Influence of the N-pro- 
tected group on the efficiency of the cyclization process has been 
investigated. 


Stereospecific and flexible asymmetric synthesis of 
cis- and fraw.s-3-hydroxy-pipecolic acids and analogs 

Bing Wang 1,2 , Run-Hua Liu 1 ’ 2 , and Zhi-Hua Sun 1,2 

'Department of Chemistry, Fudan University, Shanghai, China 
2 Shanghai Saijia Chemicals Co., Ltd., Shanghai, China 

Both cis- and fran.s-3-hydroxy-L-pipecolic acids are synthesized from 
a common chiral intermediate 7 via a short and flexible route. 
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Stereospecific inversion of 3-OH is achieved by the formation of an 
oxazoline followed by acidic ring cleavage. The overall yields are 
27% and 30%, respectively, in 10 and 12 linear steps. Several 
versatile chiral building blocks are also accessible via this diaste- 
reodivergent synthesis. Unlike chiral pool approach, our synthetic 
strategy is not limited by the availability of starting materials. 


Synthesis of alkaloids from amino acids, 
using a one pot decarboxylation-alkylation 
reaction as the key step 

Alicia Boto, Javier Miguelez, Juan Antonio Gallardo, 
and Rosendo Hernandez 

Instituto de Productos Naturales y Agrobiologia del CSIC, Avda. 
Astrofisico Fco. Sanchez, La Laguna, Tenerife, Spain 

Amino Acids are useful synthetic intermediates. By using a sequential 
process which couples a decarboxylation reaction with the introduc¬ 
tion of alkyl chains, commercial amino acids can be readily 
transformed into alkaloid precursors. An asymmetric version of this 
process was developed to prepare optically pure cytotoxic alkaloids 
and other analogues of bioactive alkaloids. 


Transports 

Glutamate regulates the monocarboxylate 
transporter (MCT4) protein levels in Bergmann glia 

Yaaziel Melgarejo 1 , Daniel Martinez 1 , Luisa Hemandez-Kelly 1 , 
Iliana Barrera 1 , Abraham Soto Cid 2 , and Arturo Ortega 1 

'Departamento de Genetica y Biologia Molecular, Cinvestav- 
IPN, Apartado Postal 14-740, Mexico City, Mexico 
2 Facultad de Quimica Farmaceutica Biologica, Universidad 
Veracruzana-Xalapa, Veracruz, Mexico 

L-Glutamate, the main excitatory neurotransmitter in the vertebrate 
brain exerts its action through specific membrane receptors and 
transporters that are expressed both in neurons and glia cells. The 
brain metabolic responses to activity are largely dependent on 
astrocytes through a coupling mechanism between neuronal activity 
and glial activation of aerobic glycolisis with a subsequent lactate 
release. The neuronal lactate consumption completes the cycle 
nowadays known as the astrocyte-neuron lactate shuttle. In order to 
gain insight into this coupling mechanism and its regulation by the 
major excitatory transmitter, using the well-characterized model of 
chick cerebellar Bergmann glia cultures we analyzed the protein 
levels of the monocarboxylate transporter 4 (MCT4). A time and 
dose-dependent up-regulation of the transporter protein levels was 
found. Noticeably, the effect reaches its maximal value after 
30 min of Glutamate treatment, suggesting a post-transcriptional 
effect. Pharmacological experiments demonstrate the involvement 
of ionotropic and metabotropic receptors as well as the participa¬ 
tion of the Na-dependent glutamate transporter (GLAST/EAAT1) 
in the Glutamate effect. The present results strengthen the 
notion of a critical involvement of glia cells in brain glucose 
metabolism. 


Altered striatal glutamate transporter functioning 
could explain aberrant glutamatergic 
neurotransmission in striatum of hemi-Parkinson 
rat model 

Ann Massie 1 , Stephanie Goursaud 2 , Anneleen Schallier 1 , 

Katia Vermoesen 1 , Emmanuel Hermans 2 , Lutgarde Arckens 3 , 
Charles Meshul 4 , and Yvette Michotte 1 

'Department of Pharmaceutical Chemistry and Dmg Analysis, 
Research Group Experimental Pharmacology, Vrije Universiteit 
Brussel, Jette, Belgium 

laboratory of Experimental Pharmacology, UCL 54.10 
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laboratory of Neuroplasticity and Neuroproteomics, 

Katholieke Universiteit Leuven, Leuven, Belgium 
4 Department of Behavioural Neuroscience and Pathology, 

Oregon Health and Science University, Portland, OR, USA 

Important mediators in the pathogenesis of Parkinson’s disease are 
oxidative stress and excitotoxicity. Increased glutamate concentrations 
can be linked to both processes. Extracellular glutamate concentra¬ 
tions are mainly determined by an interplay between vesicular 
glutamate transporters (VGLUTs), glial high-affinity Na + /K + -depen- 
dent glutamate transporters (GLAST and GLT-1) and the cystine/ 
glutamate antiporter. Using semi-quantitative Western blotting, we 
studied the expression levels of VGLUT1, VGLUT2, GLAST and 
GLT-1 in the striatum of rats at different survival times (3, 5 and 
12 weeks) after unilateral 6-OHDA injection into the medial forebrain 
bundle (hemi-Parkinson rat model). The significant bilateral increase 
in GLT-1 expression that we observed at 3 and 12 weeks post-lesion, 
was translated into an increased reuptake activity, as revealed by in 
vivo microdialysis studies as well as in vitro reuptake studies in striatal 
synaptosomes. To determine the origin of the increased striatal 
expression level of VGLUT1 protein at 3 weeks post-lesion and 
decreased expression at 12 weeks, in situ hybridization experiments 
were performed to visualize VGLUT1 mRNA expression levels 
throughout the brain of hemi-Parkinson rats. 

Our data suggest that the earlier observations by Meshul et al. (1999) 
of a biphasic change in extracellular striatal glutamate levels after 6- 
OHDA injection into the medial forebrain bundle, with increases 
1 month post-lesion and decreases 3 months post-lesion, might be 
explained by an interplay of changes in the expression/functioning of all 
glutamate transporter families. Modulation of one or more of these 
transporters might help to normalize the extracellular glutamate levels 
and prevent further excitotoxic and oxidative damage. 

vGLUT2 heterozygous mice show more 
susceptibility to clonic seizures induced 
by pentylenetetrazol 

Anneleen Schallier 1 , Ann Massie 1 , Ellen Loyens 1 , 

Diederik Moechars 2 , Wilhelmus Drinkenburg 2 , Yvette Michotte 1 , 
and Use Smolders 1 

'Research Group Experimental Pharmacology, Department of 
Pharmaceutical Chemistry, Drug Analysis and Dmg Information, 
Vrije Universiteit Brussel, Laarbeeklaan 103, 1090 Brussels, 
Belgium 

2 Johnson & Johnson Pharmaceutical Research and Development, 
Division of Janssen Pharmaceutica NV, Tumhoutseweg 30, 

2340 Beerse, Belgium 
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Glutamate, the most abundant excitatory neurotransmitter in the 
central nervous system, is well known to be implicated in epileptic 
seizures. Therefore, impairments in glutamate transport could have an 
involvement in the mechanism of epileptogenesis. The uptake of 
glutamate into synaptic vesicles is mediated by vesicular glutamate 
transporters (vGLUTs). There are three known vGLUT isoforms, 
vGLUTl-3. In this study, we are particularly interested in the 
vGLUT2 isoform. We investigated the possible role of vGLUT2 in 


pentylenetetrazol (PTZ)-induced seizure generation. Seizure thresh¬ 
old of PTZ was compared in vGLUT2 heterozygous knock out (HET) 
and wild type (WT) mice. In comparison with their WT littermates a 
lower dose of PTZ was needed in the vGLUT2 HET mice until the 
onset of the first myoclonic jerk. The threshold for PTZ-induced 
clonic seizure activity was also lower in the vGLUT2 HET mice. 
These results indicate, for the first time, that vGLUT2 is likely 
involved in the epileptogenesis of generalized seizures. 
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